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FOREWORD 



This Manual is published by PAD with the support of SIDA (Swedish International 
Development Authority) under Project GP 4/1-INT.256 (SWE), entitled "Laboratory Manual: 
Selected Methods for Pood Control". 

It has been prepared to provide, in a set of three volumes, information and, in 
particular, methods useful for the examination of foods and for their chemioal analysis. 
Its publication is intended to aid efforts of governmental units and others in developing 
countries to ensure the quality and safety of food supplies in the interest of protection of 
consumers and prevention of fraudulent practices. 

The soope of the Manual is indicated on pages 1—4 of the first volume. This section 
is reoommended for olose attention, as it desoribes the basis or rationale of the author- 
editor, Mr. P.O. Martin, in offering advice and in selecting methods deemed useful for food 
oontrol work, with special referenoe to application in developing countries. 

The three volumes of the Manual consist of: PAD Food and Nutrition Paper 14/ 1 
devoted to the functions, design and operation of "The Pood Control Laboratory" in the 
context of effective national food control systems in developing countries. This volume 
will be useful to government planners and others responsible for strengthening national 
oapability to promote food quality control. It is, however, addressed specifically to those 
charged with setting up, expanding and running a food control laboratory under national or 
local government authority and legislation/regulations. 

The second and third volumes of the set contain selected methods and other information 
useful for day-to-day work in the food ciontrol laboratory. PAO Pood and Nutrition Paper 14/2 
covers "Ingredients, Contaminants, Techniques". This volume, FAD Pood and Nutrition Paper 14/; 
is devoted to the examination and chemical analysis of food "Commodities" important for 
developing countries. 

This Manual is one in a series of FAD publications intended to assist governments of 
developing countries in establishing and making more effective the control of the quality 
and safety of the national food supply (including products destined for export and products 
presented for importation). The documents in the series are: 

1. Guidelines for Developing an Effective National Food Control System. 
FAD Food Control Series No. 1. Rome, 1976. 

2» Food Inspection Manual. Publication by FAD expected during 1979* 

3. Chemical Food Analysis Laboratory Manual (in three volumes). 
Publication by FAO expeoted during 1979. 

4. Microbiological Food Analysis Laboratory Manual. 
Publication by FAO expected in 1979- 

5. Guidelines on Quality Control of Foods for Export. 
Pullication by FAD expected in 1979. 

6. Mycotoxin Surveillance - A Guideline. PAD Food Control Series No. 4. 

Rome, 1976. 

7. Recommended Practices for the Prevention of Mycotoxins in Food, Feed and 
their Products. PAO Food and Nutrition Paper No. 10. Rome, 1979. 
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Additionally, food quality control efforts in developing countries are aided by the 
publication of: 

(a) Food Standards, Codes of Practice and Methods of Analysis recommended 

by the Codex Alimentarius Commission, Joint FAO/WHO Food Standards Programme, and 

(b) Pood Additive Evaluations and Specifications of Purity and Identity, given 
in the reports and monographs of the Joint FAO/WHO Erpert Committee on Pood 
Additives j this Committee also deals with oontaminants in foods. 

In publishing this Manual, PAO has sought to make available a tool which is urgently 
needed in many developing countries. The analysis of foods should be entrusted to well- 
trained professionals with adequate experience enabling them to use the methods presented 
in this Manual properly and to interpret the results. The Manual iB intended for guidance 
at the national level, where the responsibility for assuring adequate facilities and 
personnel must rest. PAO will appreciate receiving comments and suggestions for possible 
future editions. These should be sent to: 

Pood Standards and Pood Science Service 
Pood Policy and Nutrition Division 

Pood and Agriculture Organization of the United Nations 
00100 Rome, Italy. 



SAFETY 

THE METHODS AND ANALYTICAL PROCEDURES DESCRIBED IN THIS MANUAL ARE 
DESIGNED TO BE CARRIED OUT BY PROPERLY TRAINED PERSONNEL IN A SUITABLY 
EQUIPPED LABORATORY. IN COMMON WITH MANY LABORATORY PROCEDURES , THE 
METHODS QUOTED FREQUENTLY INVOLVE HAZARDOUS MATERIALS. 
FOR THE CORRECT AND SAFE EXECUTION OF THESE METHODS, IT IS ESSENTIAL 
THAT LABORATORY PERSONNEL FOLLOW STANDARD SAFETY PROCEDURES FOR THE 
HANDLING OF HAZARDOUS MATERIA] S. 

WHILE THE GREATEST CARE HAS BE>M EXERCISED IN THE PREPARATION OP THIS 
INFORMATION, FAD EXPRESSLY DISCLAIMS ANY LIABILITY TO USERS OF THESE 
PROCEDURES FOR CONSEQUENTIAL DAMAGES OF ANY KIND ARISING OUT OP OR 
CONNECTED 'WITH THEIR USE. 
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C. 1. MILK 



NORMAL MILK 



Bovine Milk may be defined as the liquid from the mammary gland of healthy and 
normally fed cows. 

The composition of milk varies widely depending on a large number of factors 
including breed, season, stage of lactation, milking interval, health of the cow, and level 
and type of feed. Quantities of milk large enough (say, over 10,000 litres) and from 
sources divergent enough to obliterate these variations will tend towards a typical 
composition given by various authorities as follows: 



Richmond Davies Pearson. D, Webb et al. 





(in Davis * Macdonald (1953) ) 


(1976) 


(1974) 


Pat 


3.75 


3.67 


3.61 


3.5 - 3.7 


Protein 


3.20 


3.42 


3.29 


3.5 


Lactose, 


hydrated 4.70 


4.78 


4.65 


4.9 


Ash 


0.75 


0.73 


0.75 


0.7 



Webb et al (loc. cit.) have collated the compositional data for milks from 15 
countries and many breeds and the averages of the analytical results fell within the 
following ranges: 

total solids: 11.52 - 14.56$ 

fat: 3.75 - 5-52$ 

protein: 2.87 - 3.76$ 

lactose hydrate: 4.34 - 4*98$ 

ash: 0.66 - 0.72$ 



The fat content of milk is especially variable, that of certain breeds such as 
Jersey and Guernsey rising to 8$ or higher, while that from Priesians may be close to 3$. 
Normal milk from individual cows or small herds may have a composition outside the range 
quoted. 

The mineral composition (and citric acid) is typically as follows: 

Ca Mg P Na K CI S Citric acid 
mg/lCO ml whole milk: 123 12 95 r >8 141 110 30 160 

79-80$ of the nitrogen is present as casein, the rest being derived from albumin, 
globulin, proteoses and non-protein nitrogen. In normal milk, the ash is 8$ of the solids- 
not-fat (SNF) and the albumin is not normally above 0.6$ of the whole milk. 
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The composition of the ash of milk liee within the following ranges: 

K 2 0 CaO Na 2 0 MgO Fe^ P 2 0 5 CI SC> 3 C0 3 

i of ash: 23-30 20-27 6-12 2.3-3.1 0.05-0.4 21-20 13.6-16.4 0-4 trace 
ROUTINE ANALYSIS 

The routine teste are designed to check that the composition of the milk is normal 
and that is has not been subjected to adulteration. The bacteriological quality is 
routinely checked by the methylene blue test or a similar dye reduction test, but more 
extensive bacteriological tests may also be required. Examination for antibiotics, dirt, 
added alkali and added preservative is important. The phosphatase test is used to check if 
the milk has been adequately pasteurised, and the turbidity test to check if it has been 
sterilized. Kempinski (1971) giveB a method similar to the turbidity test for the 
detection of IHT milk. 

The chemical tests that must be carried out immediately on receipt of the milk at 
the laboratory are the determinations of fat and sol ids-not-fat . If these are below the 
expected valueo, the free sing-point may be determined. The freezing-point test is 
invalidated by the presence of formaldehyde, often used as a preservative for samples, 
but not by the mercuric chloride/Bait mixture recommended by Harding & Royal (1974) | if 
this is used, the samples must be clearly labelled "Poison". The test is affected by the 
aoidity, and corrections have to be made if this is higher than 0.1 3> expressed as lactic 
acid. If the acidity exceeds 0.3O5& as lactic acid, the freezing-point test is not valid. 
Nitrates do not normally occur in milk and therefore detection of these is confirmation of 
the addition of water. 

Analysis of the ash can be useful in detecting abnormality. Anhydrous lactose, 
proteins, and ash occur in the proportion 13:9:2 (Vieth's ratio) in the milk from healthy 
cows and therefore their determination is useful in checking that the milk is not abnormal. 
The addition of water to the milk does not alter this ratio. 

The density of milk depends on the proportion of fat and solids— not-fat present. 
Therefore determination of any two of these parameters enables the third to be calculated, 
either by use of tables or a slide-rule specially calibrated for the purpose. It is 
convenient to measure the density with a lactometer (Quevenne hydrometer) and the fat by 
the method of Qerber. Alternatively, the total solids mav be determined by drying and 
weighing, the fat by Gerber and the solids-not-fat (SNP) calculated by difference. 

Instrumental methods of milk testing are reviewed by Harding (1973) and Ber,*mann 

(1976). 

Corra>Uni, C. (1975) and Haave, I.J.J. (1973) discuss the formation of a gel in 
UHT milk that has been stored a long time. The gel forms by the slow enzymic coagulation 
of the casein. 

For the analysis of sour milk suspected of being adulterated, see Hanson (1973) 
and Davis ft Macdonald (1953). 
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TOTAL SOLIDS IB MILK 
A. WEIGHED 



S5E 



PRINCIPLE 

Milk iB dried in the oven under standard conditions and the residue weighed. 

APPARATUS 

1. Dish and lid, metal, flat-bottomed, about 7-8 cm diameter by 1-2.5 <*> deep. 

2. Ventilated oven at 100°C. 



Heat the clean dry empty dieh and lid in the oven, cool in a desiccator and weigh. 
Add 3-4g milk, replace the lid and weigh again. Place the dish without the lid on a boiling 
water-bath until the water ie removed from the sample, wipe the undersurface of the dish, 
and place in the oven for 2V hours, put the lid on the dish, cool in the desiccator and 
weigh. Continue heating and re-weighing at hourly intervals until successive weighings do 
not vary by more than 0.5 mg. 

CALCULATION 



u el £? °^ re ^ dU<> x 100 - ^ total solids m/m 
Weight of milk ' 



7J0TE 



A quick, but less accurate method uses aluminium milk-bottle tops or similar. One 
ml of milk iB pipetted into the tared top, milk plus top is weighed and the milk evaporated. 
Use of an infra-red heater for a standard time gives a rapid but not very accurate result. 
This may be used instead of the density measurement. Alternatively, heat at 102 C to 
constant weight. 

REFERENCES 

- IDF Standard 21:1962. 

- AOAC 12th Edition 1975 16.032. 

- See McDowell for comparison with other standard methods. 
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TOTAL SOLIDS IN MILK 
B. FROM DENSITY 



PRINCIPLE 

The density of the milk is measured using a milk hydrometer (lactometer). The 
total solids are calculated from a formula, using a suitahle slide-rule, or from tables. 

APPARATUS 

1 . Milk hydrometer. 

2. Cylinder, at least 4 mm greater in diameter than the bulb of the hydrometer. 
PROCEDURE 

The milk should be kept at 40-45°C for five minutes, carefully but thoroughly 
mixed, avoiding inclusion of bubbles, and then cooled to 20i2°C and the density determined 
within the hour. 

Pill the cylinder to overflowing by pouring the sample over the lactometer bulb, 
avoiding bubble formation. Allow the lactometer to float in the milk without permitting 
more than a few mm of the stem above the milk surface to become wetted. Read the scale 
at the top of the meniscus, the eye being horizontal to it, move the hydrometer a few mm 
vertically and check the reading. Remove the lactometer, record the reading and determine 
and record the temperature of the milk. 

Warming the sample to 40-45°C is to ensure the fat is in a liquid condition. This 
can therefore be omitted if the sample has been warm for some time previously. Lactometer 
slide rules allow for density determinations between about 15 and 25 C which is permissible 
for all but borderline samples, for which in any case the total solids must be checked 
gravimetrically. 

CALCULATION 

The formula SNF - 0.25D + 0.22F + 0.72 applies if the temperature of the sample 
is 20 C and if the fat of the milk is in the liquid state, where F=# m/m fat, D- (1000 x 
density - 1000) and SNF - solids-not-fat. If the milk was not at 20 C the density must be 
corrected before application of the formula, adding to "D" 0.24 for each degree above 20 
and subtracting for each degree below. 

For example, if the density reading is 1.032 at 18°C and the fat (Oerber) is 3.6$ 

Density at 18°C - 1.032 

D, (1000 x density - 1000) - 32 at 18 C 

D at 20 C - 32 - 2 x 0.24 - 31 .52 

Therefore, solids-not-fat - 0.25 x 31.5 + 0.22 x 3.65 ♦ 0.72 - 9.^9 

A special slide-rule can be obtained from suppliers of dairy equipment. It is 
necessary to check that its construction was based on the correct formula. Tables may be 
used, such as those in B.S. 734, Part 2, 1959. Note that those of the AOAC are for 
specific gravity, not density and for Fahrenheit degrees, and thus uses a different 
formula. 

INTERPRETATION 

The method is rapid and approximate. It is convenient to use it in conjunction 
with the Oerber or Babcock methods for fat and to check any suspect samples by deter- 
mination of the total solids grav\metricallv and the fat by the method of Rose-Gottlieb. 
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There are two ways of improving the accuracy of the determination of total solids via the 
density. One, convenient when the density is being used as a rapid screening test, is to 
determine the gravity and also the weighed total solids on ten or twelve samples and to 
calculate the correction to be added to, or subtracted from the gravity reading before 
the correction for temperature is made. This corrects for any error in the calibration 
of the lactometer. 

Alternatively, carefully check the calibration of the lactometer against a solution 
of known gravity. B.S. 734 t Part 2, 1959 uses a reference lactometer and solutions of 
sodium carbonate. 

The formulae for calculating solids-not-fat from the specific gravity or dentisy are 
basically of two types, that due to Richmond, and that due to Fleischmann. 

Richmond' 8 original formula was: 

T - 0.25G + 1.2F + 0.14 where T - % m/m of total solids 

G « 1000 (S-1) where S is the specific gravity 

of the milk at 15.5 /l •>.5°C 
P - % m/m of fat. See the B.S. already referred 
to for the derivation of the formula, and of 
the alternative one. 

SNF - 0.25D + 0.22F + 0.55 is used if the fat is in the liquid state. O'Keefe 
(1967) has suggested that the formula SNF - 0.25D + 0.22F + 0.72 as given in the above 
method over-estimates the solicts-not-fat and that the older formula SHF * 0.25D + 0.21 F + 
0.66 is correct. The formula has been discussed more recently by Lunder (1970) and by 
Aparicio Gallego (1970). 

The original form of the Fleischmann formula is: 

I. 1.2 g + 2.665 100 j~ 100 

where x - % m/m total solids 
g ■ i» m/m of fat 
p - specific gravity 

For recent work on this see Artem'ev and Panasenkov (1969), Uzonyi A Varga, (l973) f 
the paper by Dozet, Stanisic 4 Sumenic ( 1973) and Slanovec et al (1974). 



- ISO Standard 2449 Milk 4 Liquid milk products - Density hydrometers for use in products 
with a surface tension of approximately 45 n*/m. 

- B.S. 734: Part 1 4 2: 1959- 

- Davis, J.G. 4 Macdonald, F.J. ( 1953) Richmond's Dairy Chemistry p. 1 59 discusses the 
basis of ths various formulae. 

- Vujicic, et al (1976). 
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PAT IN MILK 
GERBER METHOD 

PRINCIPLE 

The milk in mixed with H^SO. and amyl alcohol in a special Gerber tube permitting 
solution of the protein present and 4 release of the fat. The tubes are centrifuged and the 
fat rising into the calibrated part of the tube is measured as a percentage of the sample, 
m/m. The method is suitable as a routine or screening test. 

APPARATUS 

1. Gerber butyrometer tubeB, with lock-stoppers and a key. 
2* Gerber centrifuge, 50— cm diameter. 
3. Milk pipette 10.75 ml. * 

REAGENTS 

1. Sulphuric acid Sp. gr. 1.81 5 + 0.003 (about 90$ m/m). 

2. Amyl alcohol. 
SAFETY PRECAUTIONS 

1 . Do not add the alcohol in such a way that it accidentally comes into direct 
contact with the acid. 

2. Shake the tubes in a Bpecial protected rack or suitably protected in some 
other way, such as with enough cloth to absorb the acid in case of breakage. 

3. Have some solid sodium bicarbonate nearby to neutralize the acid in case of 
PROCEDURE 

Measure 10 ml of sulphuric acid into a butyrometer tube, preferably by use of an 
automatic dispenser, without wetting the neck of the tube. Mix the sample gently but 
thoroughly, and fill the pipette above the graduation line. Wipe the outside of the 
pipette and allow the milk level to fall so that the top of the meniscus is level with 
the mark. Run the milk into the butyrometer tube without wetting the neck, leave to drain 
3 seconds and touch the pipette tip against the base of the neck of the butyrometer tube. 

Add 1 ml amyl alcohol. Close with a stopper, shake until homogeneous, inverting to 
complete admixture of the acid and centrifuge for 4 minutes after the centrifuge has 
reached 1100 r.p.m. The tubeB should be put in the centriguge so as to conform to 
radial symmetry, and as evenly spaced as possible, in order to protect the bearings of 
the centrifuge. Allow the centrifuge to come to rest, remove the butyrometer tubes and 
place in a water-bath at 65 C. Read off the percentage of fat after three minutes, 
adjusting the height in the tube as necessary by movement of the lock-stopper with the key. 

The butyrometer tubes must always be emptied without delay and the highly acid 
waste disposed of appropriately. The tubes may be cleaned with chromic acid. 

INTERPRETATION 

The ISO Standard 2446:1976 suggests that the volume of the pipette is chosen by 
carrying out both this and the Rose-Gottlieb determination on a large number of milk 

1/ See "Interpretation". 
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samples and, from a statistical analysis, computing the volume of sample to be taken 
appropriate to the national average fat content of milk in the country of use. This is 
probably not worthwhile in an enforcement laboratory where the Rose-Gottlieb method must 
be used on any doutful samples. However, comparison of the results by the two methods on 
such samples over a period of time could be used to adjust the volume taken or compute a 
correction factor for use with the Gerber. 

Volumes used in some countries are as follows: 

- India, 10.75 ml Chouse ft Jain ( 1973) 

- The Retherlands, 10.66 ml Radema * Mulder (1951) 

- Hungary, 10.8 ml Keresztessy 4 Berezvai (197 1 ) 

- U.K., 10.94 ml B.S. 696 Pt.1. (1955) 

- U.S.A., 11.0 ml Robertson A Hynda 0958), Levowitz (i960) 

An 11 ml pipette (which delivers about 10.9 ml milk) was used in the original 
method (Gerber, 1892). The result is expressed m/m and the volume taken must correspond 
as closely as possible to 11.25 g as each unit graduation on the tube corresponds to 

0. 1125 g of fat. 

Pien, Desirant * Avril ( 1972) found that the Gerber method does not work on milks 
preserved with formaldehyde. Fluckiger ft Ryser (1970) showed that stoppers of butyl and 
mtrile rubber are satisfactory, but new stoppers of natural rubber absorb fat to some 
extent. 

Homogemzation causes the fat to separate with more difficulty and centrifuging 
more than once may be required. On the other hand, holding the tubes too long at 65°C 
results in esterif ication of the amyl alcohol with a consequent increase in the volume of 
the fat layer. To overcome this Pien (1974) recommends use of a 40 C water-bath, centri- 
fugation until a constant reading is obtained, and multiplying by 1.02. See alBO Prasad 
ft Mulay (1973) and Slavonic, Arsev A Lendvaj (1974). 

REFERENCES 

1. ISO 2446:1976 and 488:1966. 

2. Bausler (Ed), ( 1972). 

For an understanding of the basis of the method see: 
Ling (1963) and the references therein, viz: 

- Day A Grimes, (1918). 

- Richmond, (1918). 

- Chaineaux and Simonart, (1938), or 

- Davis ftMacdonald, (1953). 

- The Babcock method has been evaluated by Mckinley et al (1975). 
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PAT IK MILK 

METHOD OP ROSE-GOTTLIEB 



PRDiCIPLE 



The sample ia treated with ammonia and ethanol, the latter to precipitate protein 
and the former to dissolve the precipitate, and the fat extracted with the diethyl ether 
and petroleum ether. The mixed ethers are evaporated and the residue weighed. The method 
is considered suitable for reference purposes. Strict adherence to detail is necessary in 
order to obtain reliable results. 



APPARATUS 




1. Extraction tube and siphon (see diagram). 

2. 100-ml flat-bottomed flask with C/C joint. 



be used). 



1. Ammonia sp. gr. 0.880. (six-fifths the amount of ammonia sp.gr. 0.910 should 

2. Petroleum ether B.R. 40 - 60°C. 

3. Diethyl ether, peroxide-free». 

4. Denatured alcohol (96$ ethanol). 

5. Mixed ether. Equal volumes of petroleum and diethyl ethers. 



Accurately wei**h about 10 m of homogeneous sample into an extraction tube. This 
is conveniently done on a top-pan balance accurate to a milligram by standing the tube in 
a plastic beaker or other light container. For weighing on an analytical balance it may be 
necessary to attach a piece of wire to the neck of t^e tube and hitch this to the pan-hook 
of the balance. 

Add 1 ml 0.880 ammonia and mix thoroughly. Aid 10 ml alcohol and a^ain mix 
thoroughly. Add 25 ml of diethyl ether, close the tube with a wetted ^round-^lass stopper 
or well-fitting rolled cork, shake very <>ently and release the pressure without loss of 
ether, and repeat a couple of times until the tube can be shaken vigorously without risk 
of pressure build-up. Shake vigorously for one minute. Add 25 ml of petroleum ether, 
rinsing the stopper and neck with some of it, wet the stopper with water ai^ain and shake 
vigorously for half a minute. 



* see II. B. 2. for testing and preparation of ether free of peroxides. 
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Weigh a dried 100-ml flat-bottomed ground-glass flask. Leave the extraction tube 
to stand half an hour or more until the layers are clearly separated, insert the siphon 
tube so that the orifice is 2-3 mm above the aqueous layer and blow gently so that the 
ethereal extract siphons into the weighed flask. Raise the siphon a little but do not 
remove it. Rinse the tip of it with about 5 ml of mixed ethers and f without shaking, 
siphon to the flask. Use a further 5 ml of mixed ethers to rinse the cork of the siphon 
and the neck of the tube and again transfer without shaking the tube, then remove the 
siphon from the tube. Rinse the tip of the siphon and the neck of the flat-bottomed flask. 
The evaporation of the solvent in the flask can be started while the second extraction is 
in progress. Connect the flask to a Soxhlet apparatus and collect the re-distilled mixed 
ethers (which may be used for rinsing) or distil off the solvents in any other convenient 
way. 

Add 15 ml of diethyl ether to the tube and shake vigorously for one minute, taking 
the same precautions as before. Add 1 5 ml of petroleum ether and shake vigorously for half 
a minute, transfer the etherB and rinse as before. Extract a second time with 15 ml of 
each solvent and rinse as before. Evaporate all the solvent in the flaBk, completing the 
process on the water-bath* and finally in the oven, drying to constant weight. Leave in 
the desiccator to cool at least an hour and do not wipe the flask .just before weighing. 
(It may have been necessary to wipe it on removing from the w-\ter-bath) . 

Weigh, then add petroleum ether to dissolve the fat and carefully decant taking 
care to leave any sediment in the flask. Rinse the flask with petroleum ether until all 
the fat is removed, but any sediment renains. Dry in the oven and weigh as before . The 
difference in weights represents the weight of fat extracted from the milk. 

For the most accurate work it may be checked that the residue from a fourth 
extraction is negligible and a blank extraction may be lone usiner 10 ml of water in place 
of the sample. 



CALCULATION 



Jf fat m/m - ° f fst x 100 

weight of milk 

This should be re varied as a reference method in preference to the Gerber method. 



INTERPRETATION 



The average fat content of milk from adequately fed cows is about 3.^-, but 
varies widely depending on a number of factors including breed, feed, season, milking 
interval, etc. "European standard milk*' contains 3.5$ of fat, and in the U.K. below three 
percent ib assumed to indicate adu Iteration or abstraction of fat until proved to the 
contrary. There is a federal minimum of 3.2'$ in the U.S.A., but some individual States 
set higher standards. 

IDF, ISO and AOAC have jointly agreed upon a reference method, published also in 
CAC/WI-1973 of the Codex Alimentanus Commission. The wording here is slightly different. 
The IBP/ISO/ AOAC method uses a different type of fat -extract ion flask (ISO 1211:1970). 

The MNKL version of the method (nr. 10, 1977) recommends that coagulated samples 
be re-dispersed by adding a known amount of concentrated ammonia solution. If the fat 
has actually separated, re-emulsif ication is achieved by carefully shaking at 40 C with 
0.5 ml of chloroform per 100 ml of milk or cream. 



ISO 3889:1977 gives specifications for Mojonnier flanks. 



» If a few anti-bumping granules have not been included in the tare, swirl the flask 
constantly until the ether is boiling well to avoid loss from sudden ebullition. 
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PHOSPHATASE 
TEST FOR 
LIQUID MILK 

PRINCIPLE 

Any phosphatase present in the milk splits the substrate, p-nitrophenyl phosphate, 
to give p-nitrophenol, which is highly coloured in alkaline solution. 

APPARATUS 

1. A Lovibond comparator with stand for work in reflected light. 

2. A Lovibond comparator disc A.P.T.W. or A.P.T.W.7. 

3. Two fused glass cells, 25 mm depth. 

4. A water' bath or incubator capable of being maintained at 37«5°C + 0o°C 

5. A pipette to deliver 5 ml. 

6. A supply of 1.0 ml straight -sided pipettes. 

7. A 1000 ml graduated flask. 

8. A 100 ml measuring cylinder. 

9. Test tubes nominal size 150/16 mm with rubber stoppers to fit. 
CARE OF APPARATUS 

1. After use, each test tube shall be emptied, rinsed in water, well washed in hot 
water containing soda, rinsed in warm water, rinsed in distilled water and finally 
dried. 

2* If after this treatment a test tube does not appear to be clean, the treatment 
must be repeated and m addition after being rinsed in warm water it must be soaked in 
50 per cent hydrochloric acid and then rinsed again in warm water before being rinsed 
in distilled water and finally dried. 

3. New glassware must be cleaned by soaking in chromic acid solution prepared as 

follows: 

5 volumes of 8 per cent m/l.c. potassium dichromate. 
4 volumes of concentrated sulphuric acid. This shall be added 
slowly and carefully to the dxchromate solution. 

The solution must be kept covered and discarded when it becomes green. After 
cleaning in chromic acid solution, new glassware must be rinsed m warm water, rinsed 
in distilled water and finally dried. 

4. Pipettes must be well rinsed in cold water and then cleaned by soaking for 24 
hours in chromic acid solution in a 250 ml glass rylinder or other suitable container. 
The pipettes must then be well rinsed in warm water, rinsed in distilled water and 
finally dried. 

5. Glassware used for the test shall not be used for any other purpose and shall 
be kept apart from other apparatus in the laboratory. 
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REAGENTS 

Whenever possible, reagent9 of analytical quality should be used. 

1. Buffer solution: Dissolve 3.5 g of anhydrous sodium carbonate and 1,5 g of 
sodium bicarbonate in distilled water, and make up to one litre with water. Store in the 
refrigerator and discard after one month. 

2. Substrate: Dinodium p-mtrophenyl phosphate. The solid substrate must be kept 
in the refrigerator. 

3. Buffer-substrate solution: Weigh 0.15 f, of the substrate into a 100 ml 
measuring cylinder, and make up to 100 ml with the buffer solution. The solution must be 
stored in a refrigerator and protected from lipht. It must <?ive a reading of less than 
the standard marked 10 on the comparator disc A.P.T.W. or A.P.T.W.7 when viewed in 
transmitted light through a 25 mm cell in the comparator, distilled water being used 
for comparison. The solution must be discarded after ore week. 

PRECAUTIONS 

The following precautions muBt be taken. 

1 . A sample which shows evidence of taint or souring should not be tested. 

2. All glassware must be clean immediately before use. 

3. A freBh pipette must be used for each sample of milk. Pipettes must not be 
contaminated with saliva. 

4. The test must rot be carried out in direct sunli>?ht. 

5. ristilled water must be used throughout. 

6. The sample of milk should be examined as soon as possible after arrival at £he 
laboratory. If not examined immediately, it must be kept at a temperature of between 3 C 
and 5 C until examined. The sample must be brought to room temperature immediately before 
being tested. 

PROCEDURE 

Pipette 5 ml of the buffer-substrate solution into a test tube, stopper the test 
tube and bring to a temperature of 37°C Add 1 ml of the milk to be tested, replace the 
stopper in the tube and mix the contents well by shaking. Incubate for exactly 2 hours 
at 37 C. Incubate one blank prepared from boiled milk of the same type as that undergoing 
the test with each series of samples. (Where the sample consists of highly coloured milk, 
such as homogenised milk or milk from Channel Island cows, prepare a separate blank of 
such milk). After incubation remove the test tube from the water bath and mix the contents 
of the tube. Place the blank on the left hand side of the comparator stand and the test 
sample on the i , i«dit. Take readings in reflected light by looking down on to the two 
apertures with the comparator facing a pood source of daylight (preferably north Xx^ht). 
If artificial light is needed for matching use a "daylight" type of illumination. 
Revolve the disc until the test Bample is matched. Record readings falling between two 
standards by affixing a plus or minus sign to the fiarure for the nearest standard. 

INTERPRETATION 

The test is considered to be satisfied by milk which pives a reading of 10 ^ig or 



Copyrighted material 



- 12 - 



less of p-nitrophenol/ml of milk. 

Properly pasteurized milk given no discernible colour. The colour can also be 
measured in a spectrophotometer. 

REFERENCES 

- Milk (Special Designation) Regulations 1963S.I.1571 HMSO; c.f. AOAC 1975 (12 Ed.) 
16.100 - 16.114. 

- Aschaffenburg A Mullen (1949). 
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MILK PEROXIDASE 

Unlike phosphatase, peroxidase once destroyed by heating (sterilisation, boiling 
or heating more intensely than past ettriaat ion) cannot be regenerated as far as is known 
and can thus be used as a test for sterilised milk or milk products. The method of 
detection employed by Guha A Roy (1971) is as follows: Shake 5 ml milk, curd or milk 
products (dispersed in water) with 5-10 m? p-phenylenediamine and 2 drops of a 10 
volume solution of H,0 5 . A violet colour indicates the presence of peroxidase. 
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TURBIDITY TEST 
FOR STERILISED 
MILK 

PRINCIPLE 

The heating required by sterilisation together with ammonium sulphate effectively 
denatures and precipitates albumin as well as casein and the filtrate of a sample treated 
in this way is therefore clear. 

APPARATUS 

1. Conical flasks of 50 ml capacity. 

2. Graduated cylinders of 25 ml capacity. 

3. Test tubes nominal size 150/16 mm. 

4. Filter funnels, 6 cm diameter. 

5. Beakers, 400 ml oapacity. 

6. 12.5 cm folded filter papers, Whitman No. 12 or equivalent. 

REAGENT 

1. Ammonium sulphate A.R. or equivalent purity. 
PROCEDURE 

Weigh 4+0.1 5 of ammonium sulphate into a 50 ml conical flask. Pipette 
20 + 0.5 ml of the milk sample into the conical flask and shake the flask for 1 minute 
to ensure that the ammonium sulphate dissolves. Leave the mixture for not less than 5 
minutes and then filter through a folded filter paper into a test tube. When not less 
than 5 ml of a clear filtrate have collected, place the tube in a beaker of water which 
has been kept boiling and keep there for 5 minutes. Transfer the tube to a beaker of cold 
water, and when the tube is cool, examine the contents for turbidity by moving the tube 
in front of an eleotric light shaded from the eyes of the observer. 

INTERPRETATION 

The test is said to be satisfied when a sample of milk treated as above gives a 
filtrate showing no sign of turbidity. 



- Milk (Special Designation) Regulations 1963 S.1.1571 HMSO. 
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MASTITIS IN MILK 



The term "abnormal milk** in its restricted sense refers to milk from an udder 
Bhowing mastitis or other disease but may be used to refer to any milk of unusual 
composition. 

Milk from cows with mastitis has an altered composition. The solids-not-fat, fat, 
lactose, casein, calcium and potassium levels fall and the pH, Bodium, soluble protein 
and chloride levels rise. 

Kostov & Dzhurov (1969) have shown that serum albumin and immunoglobulins increase 
while beta lactoglobulins and alpha lactalburain decrease compared with normal milk. 

It is important to remember that the presence of mastitis does not alter the 
freezing-point of the milk, which must show the same osmotic pressure as the cow's blood. 
The main contribution to the freezing-point depression is from lactose and chlorides. As 
the lactose level falls due to mastitis, the proportion of chloride, bicarbonate and 
particularly sodium increases to compensate. Zagaevskii (1974) describes the use of a 
reagent claimed capable of detecting down to 1-3$ of mastitis milk in bulk supplies. 

Tests designed to detect mastitis in individual cows, or individual quarters of 
the udder are beyond the scope of this manual. The reader is referred to a standard text 
(e.g. Schalm et al. (1970). The food inspector may have been able to obtain information 
about the prevalence of disease in the animals from which a milk sample was derived. Thus 
the occasions when it is necessary to carry out laboratory tests for mastitis in relation 
to statutory milk samples are relatively few. However, the analyst must be aware of the 
significance of any information he receives from the inspector or derives from analysis. 

The California Mastitis Test and its various modifications (The Milk Quality Test, 
the Michigan Mastitis Test, the Brabant Mastitis Test and the Wisconsin Mastitis Test), 
the modified Whiteside test and the catalase test are those most commonly used outside 
the laboratory. Destruction of excess hydrogen peroxide with catalase will give anomalous 
results in the catalase test for mastitis. The total cell count is commonly used in the 
USA; the California Mastitis test and its modifications are basically measuring the 
leucocyte count which is likely to be far in excess of the number of bacteria present, 
at any rate for all cases except very severe mastitis and is therefore a more readily 
measured parameter. The centrifuged deposit test and the cell count are alternative 
ways of measuring essentially the same thin?. The resazurin test is positive when the 
number of bacteria present is higher than normal. Schultze et al (1972) report a 
comparative study on these tests. A chloride content above about 0.13 - 0.14$ suggests 
mastitis, but it is not sufficient by itself as it may indicate the presence of 
coloestrum or milk from late in the lactation period. Newstead * Ormsby (1970) give 
details of a test for coloestrum that relies on the detection of high levels of 
immunoglobulin. 

Chemical tests to detect mastitis include the measurement of the pH (6.4 - 6.6 
for normal fresh milk), the rennet test, the Koestler ratio and the casein number 
(Rowland & Zeid-el-dine (1939)* Very bad samples of mastitis milk will fail to clot with 
rennet and will reduce resazurin rapidly. The Moestler ratio, laeToM 01 * * is ab °ut 
2.3 in normal milk and above 3 in mast it is milk. The determination of this ratio is 
usually adequate for the detection of mastitis milk but the casein number may also be 
determined if desired. This is equal to ( cane+r, x 100 ) <t nH is 70 - 30 for normal milk, 
falling as low as 70 - 74 in mastitis milk. total "** Until confidence is gained, it is 
safer to determine the nitrogen in the filtrate and the total nitrogen to ensure the 
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three figures agree before concluding from the results that mastitis is present. It must be 
remembered that these remarks apply to milk that is entirely or substantially derived from 
diseased quarters of the uddsr. 
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LACTOSE 
IH MILK 

PRINCIPLE 

The protein is removed and the lactose determined by iodometric titration using 
chloramine-T. 

APPARATUS 

1. Burette, graduated to 0.02 ml. 

2. Pipettes should be of grade A quality. 

REAGENTS 

1. Tungstic acid protein precipitant. Dissolve 7 <? of sodium tungstate dihydrats 
in 870 ml of water and add 70 ml of 1 M sulphuric acid solution and 0.1 ml of 
concentrated orthophcsphoric acid. 

2. Chloramine-T solution, 0.040 N. Dissolve 5. 70 g in water and dilute to one 

litre. 

3. Sodium thiosulphate solution, of accurately known concentration slightly 
higher than 0.040. 

4. PotaBSium iodide solution, 10£ w/v. Prepare freshly; the solution must be 
colourless. 

5. Hydrochloric acid 2 M. 

6. Soluble starch solution, 1$. 
PROCEDIRE 

Pipette 10 ml of milk into a weighed graduated flask (250 ml) and re-weigh. Add 
25 ml of water and 40 ml of tungstic acid protein precipitant and mix by swirling. 
Dilute to volume, mix and leave until the precipitate settles. Filter the mixture into 
a dry flask using a dry pleated filter paper (e.g. 11 cm Whatman No. 40). 

Pipette 10 ml of filtrate into a conical flaak ( 1 50 ml) with a ground-glass 
stopper and add 5 ml of potassium iodide solution. Add 20 ml chloramine-T solution by 
bulb pipette and mix. Stopper the flask, making a seal by moistening the stopper with a 
few drops of potassium iodide solution. Leave ^h hours in the dark at 18 - 20 C. 

Rinse the stopper and allow the rinsings to pass into t>e flask. Add 5 ml of 2 M 
HCi Titrate with sodium thioBulphate solution to the nearest 0.02 ml, adding starch near 
the end-point. Carry out a blank at the same time, usin? 10 ml of water instead of milk. 

CA1CULATI0N 

$ m/m lactose monohydrate - x N x 180 x we ^ t taken * 0.992 

Where B - litre of blank and T ■ litre of sample solution 
The factor of 0.992 corrects for the volume of precipitated protein-tungstate complex. 
Use a factor of 0.996 for skimmed milk. 

REFERENCE 

IDF 28:1964. 
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CHLORIDE 

(MODIFIED 

VOLHARD) 

PRINCIPLE 

Excess standard silver nitrate is added to the milk together with nitric acid 
and potassium permanganate to clear the solution. Oxides of nitrogen are destroyed with 
urea and the exoeBS silver was back- t it rated with thiocyanate after addition of acetane. 
The precipitated silver chloride will react with thiocyanate unless it is filtered off 
before titration, protected with an immiscible liquid or the reaction slowed by addition 
of acetane. On addition of thiocyanate, silver thiocyanate is precipitated^until excess 
thiocyanate causes formation of the complex ferri-thiocyanate ion (FeSCN) in the 
presence of ferric alum indicator. The ferri-thiocyanate ion has an intense red-brown 
colour. The method works well for bromide and iodide which therefore interfere. When 
determining iodide, the indicator must not be added until excess silver nitrate is 
present, as described in the given method. 

REAGENTS 

1 . Standard silver nitrate solution, 0.05M. Drv pure silver nitrate over 
phosphorus pentoxide. Accurately weigh about 8.5 grams, dissolve in water and dilute to a 
litre. Calculate the exact molarity (0.1M contains 16. 98729 g per litre). It may be 
convenient to use other concentrations, for example such that 1 ml is equivalent to 1 mg 
of chloride (0.0282K). If required, the concentration may be checked using pure sodium 
chloride dried at 120 C (500-600 C for very accurate work). 

2. Standard potassium thiocyanate, 0.05M. Dissolve about 4.85 g in water and 
dilute to 1 litre. Standardise against the Bilver nitrate solution. Ammonium 
thiocyanate is equally suitable. 

3. Ferric Alum Indicator. Prepare a saturated solution (40-50$) of ferric ammonium 
sulphate (KH\.) ? S0. . Fe.(S0.) • 24H 0 in water and add 1 ml of concentrated nitric acid per 
100 ml. 4 ' 4 4 5 * 

4. Acetone. 

5. Nitric acid, concentrated. 

6. Potassium perman/^nate, 5$ m/ v m water. 

7. Urea, solid. 
PROCEDURE 

Accurately pipette 10 ml of milk into a conical flask, add by pipette 10 ml of 
0.05M silver nitrate solution followed by 10 ml concentrated nitric acid and 5 ml of 5$ 
permanganate solution. Boil the mixture over a small flame until clear, cool, add 0.1 g 
of urea and then add 20 ml acetone. Shake well and back -titrate with 0.05M ammonium or 
potassium thiocyanate using ferric alum as indicator. Carry out a standardization by 
repeating omitting the milk. 

CALCULATION 

$ chloride -rS=S 1 M x 35.457 x 100 

^ u SCN g sample 

Where S - standard titration of thiocyanate against 10 ml of silver nitrate. 

V « ml of thiocyanate required for back-titration. 

M - molarity of thiocyanate 
SCN 
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g - g of sample taken. The weight of 10 ml of milk may be calculated from the 
density . Alternatively, approximately 10 g of milk may be accurately waited by 
difference. 

REFERatCSS AWD BIBLI0(«APHT 

- Roy ft Tardaw (1972) describe a semi-micro mercurimetric method. 

- Mishra ft Dehuny (1974) describe a quick cualitative test for added salt in milk. 
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DETECTION OP 
ADULTHUTIOj IV MILK 

The natural acidity of milk immediately it comee from the cow is about 0.13 - 
0.1456 depending on the exact details of the method of analysis. The acidity is expressed 
as lactic acid, although mainly derived from phosphate, casein and to a less extent 
citrate and C0 p . The lactic aoid level is about 2 mg3f(0.002?£) in very fresh milk. As the 
milk ages, the milk bacteria proliferate and produce lactic acid, and Buch milk Bhould 
thus have a lactate content close to (total acidity - 0.13). Once the total acidity 
reaches about 0.18$ incipient souring can be detected by smell and taste. If storage 
conditions and hygiene are poor, there may have been an attempt to mask this process by 
the addition of alkali, which will tend to produce low acidity, high pH, high sodium 
and high lactacte, although not necessarily outside the natural range. The freezing»point 
depression will also be greater than normal. 

The older methods to detect neutralization of milk such as those of Tillmans & 
Luckenback (1925, 1926, 1930), Hoidrich A Schmid (1955) and Hankinson * Anderson (1939) 
depended on determining the buffering capacity of the milk by one or more acid-alkali 
titrations after addition of uranyl nitrate or ferric hydroxide. Adequate methods for the 
determination of lactate are available, and comparison of total acidity with lactate 
should usually be sufficient to detect neutralizes. Iwaida et al (1973) have used 
Davidson's method for lactic acid (1949) for this purpose. Davidson's procedure, modified 
by Lawrence (1'?7 1 ), depends upon oxidation of the lactic acid to acetaldehyde and 
forming a colour with p-hydroxydiphenyl, in the presence of concentrated sulphuric acid. 
It can be used with milk powders and condensed milks as well as fresh milk. The A0AC 
procedure has been developed from Hillif's method (1942), involving extraction of the 
lactic acid with ether and development of a colour with ferric chloride after the 
removal of interferences. Steffen (1971 ) has described an enzymic method. The ISO method 
3495« 1 975 relies on the same principle as Davidson's procedure. 

Roy & Basak (1975) investigated the subject of neutralisers in milk in detail. 
pH of ash of milk, titrable acidity of th» -oiuble an* ar A -"ireet titrations of the 
filtrate (or centrifugate) after coagulation of the proteins can detect added carbonate or 
bicarbonate (or hydroxides) of alkali metals. But in all these parameters those from 
un admixed milk have to be subtracted or taken into consideration. As these vary in pure milk 
within a range, a generally agreed mean value has to be determined. Small additions cannot 
be detected as these will be concealed within the range of natural variation. TLC and ion- 
exchange methods devised in the study can be used for detection. Recovery of added sodium 
carbonate m the TLC and ion-exchange is poor but the titrimetric determination yields a 
recovery of the added sodium carbonate of 90 ♦ 

Addition of salts of any sort to milk will lower the freezing-point. Samples with 
a correct freezing-point but low solids-not-fat may be genuine but poor quality, from 
diseased animals or watered and neutralized and further analysis will be required. 
Theoretically, addition of O.8456 sodium bicarbonate depresses the freezing-point 0.185°C 
but in practice this is probably less, partly due to ionization of lactic acid, partly 
to loss of CO- on neutralization. 
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FREEZING-POINT OF MILK 

PRINCIPLE 

The milk is supercooled, seeded with ice crystals if necessary and the freezing- 
point determined in the standard Hortvet apparatus, carefully following the exact 
instructions for vise. 

APPARATUS 

1. Hortvet cryoscope.^/see diagram. The original equipment (Hortvet ( 1923) ; B.S. 
3095:1959) is ether-cooled, a procedure now considered unduly hazardous. Any refrigerated 
bath that can be kept at -3 C is suitable (e.g. that of Temple, 1937)5 2056 ethylene 

glycol in «ter is a convenient refrigerent. Simple manual cryostats are still available 
commercially. 

STANDARDISATION OP THERMOMETER 

The boreof the thermometer may not be uniform along its length and therefore 
requires calibration. Calibrated thermometers can b« obtained from certain standards 
organizations, but uncalibrated ones must be checked against standard sucrose or salt 
solutions. There is a tendency now to use the latter although the Hortvet freezing-point 
tends to be held for a shorter time than with sucrose solutions. 

Carefully prepare pure sucrose solutions, 7, 7.5, 8.0, 8.5 and 8.75S& m/v at 20°C. 
Determine the freezing-point of each solution two or three times. The standard values 
are given in the following table: 

io m/v sucrose Freezing-point 
at 20 C depression. °C» 

7.0 0.422 

7.5 0.454 

8.0 0.487 

8.5 0.520 

8.75 0.537 

If the results differ from these values, the freezing-points of samples must be 
corrected by adding or subtracting this difference, interpolating if need be. For 
example, suppose the experimentally determined value for 8.0^ sucrose is -O.489 C and 
for 8.g£ sucrose is -0.524 C, and the freezing-point (uncorrected) of the samples is 
-0.504 C, 0.003 must be added to this giving a freezing-point (corrected) of -0.507°C. 

If salt solutions are to be used, they may be prepared as follows:-^/ 

Had g/kg water Freezing-point °C* 

6.8920 -0.422 

8.5978 -0.525 

8.8772 -0.540 

10.2060 -0.621 

The salt should be dried by heating at 500°C before use, and cooled in an 
efficient desiccator. Note that although the sugar solutions are m/v the salt solutions 



17 

- / e.g. 



that of Artell He«raan, 172, Brownhill Rd. Catford, London S.E.6 2DL 
» As obtained by the Hortvet procedure. 

2/ They may also be purchased, per example from Advanced Instruments at Fiske. 
» As obtained by the Hortvet procedure. 
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are a/m. The weights of salt to be used have not been corrected for buoyancy but the 
error is not significant in practice. 

PROCEDURE 

Cool the apparatus by a suitable means in order to bring the temperature of the 
outer jacket to -2.5 C. Pour alcohol into the sample tube cavity so that the level is 
well above that of the milk in the sample tubes. Maintain the alcohol level during use as 
required. 

Distill some de-ionised water from a little permanganate, or otherwise prepare 
high quality distilled water, rejecting the first part of the distillate, which may 
contain dissolved gases. The water may be kept in a stoppered flask in a deep freeze 
without its freezing-point altering. 

Fill the sample tube with the high purity water to 12 mm above the top of the 
thermometer bulk, place the tube in the sample tube cavity and start the stirrer motor 
so that the stirring rate is about 30 strokes per minute (or stir by hand). The bung 
carrying the thermometer and the tube must be scrupulously clean as particles such as 
dust can act as nuclei for ice-crystal formation and prevent supercooling. For example, 
poor hygiene may result in mould growth in the stirrer channel and mould pieces falling 
into the sample tube. 

Keeping the outer jacket at -2.5°C, supercool the water blank to -1 .0°C to -1 .2°C, 
stop stirring and seed with ice-crystlals to induce the water to freeze. Momentary 
erratic stirring may be sufficient to start crystallization . In any case stop stirring 
as soon as the temperature begins to rise. It is convenient to keep a -jagged-ended copper 
tube, or a wire with a cork handle, in the deep freeze to facilitate addition of ice to 
the tube. 

As the temperature nears the expected freezing-point, stir (complete up and down 
motion) three times and sharply tap the thermometer alternative sides near the top of the 
meroury thread, seven times in all with a cork or rubber gavel. Take a reading. About 
thirty seconds after stirring, repeat the stirring, tapping and reading, and then a third 
time about half a minute later. The second and third-readings should not differ by more 
than 0.002 - 0.003 C. If they do, or if the temperature begins to fall again, the result 
must be discarded. 

The method relies on the heat produced by crystallization being compensated by the 
heat losses to the surrounding cooling jackets, hence the importance of adhering to the 
exact experimental procedure. The tapping of the thermometer is designed to prevent the 
meroury thread from getting stuck if there is any roughness on the inner glass surface at 
that point. 

Some form of magnifier may be used to read the thermometer to the nearest 0.001 °C 
by interpolation, but care must be taken with some of the heavier ones that can be 
attached to the thermometer that the latter is not moved from the vertical, (unless a 
spacer is uBed) bringing the bulb close enough to the side wall to alter the rate of heat 
loss mentioned above. 

The blank and samples Bhould be done at least in duplicate and preferably in 
triplicate. The blank will vary slightly, tending to rise with atmospheric pressure, 
changes in which are sufficient to slightly affect the volume of the bulb. The volume of 
the bulb also tends to change with age, thus affecting the blank. 

Replace the water by a sample, adjust the cryostat so that as the milk supercools, 
the outer jacket iB at -} C. The work is hastened by using precooled milk (which must not 
have ice in it) and/or by allowing the jacket to be below -3°C during the initial stage 
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of cooling the milk . Allow the milk to supercool 1-1 .2° below the expected freezing-point 
(i.e. to about -1 .65 C) and determine the freezing-point as for the water blank. 

CALCULATION 

i m/m added water - £~ & x ( 100 - T) 

0 

P Q - freezing-point of genuine milk 

? s - freezing-point of sample 

T - total solids of sample (%" m/m) 

IHTERPRETATI OR 

The free sing-point of milk is usually at least 0.530°C below the freezing-point of 
water. This is spoken of as a freezing-point depression. 

The P_ to be used in the formula above should be that of milk taken from the cow 
or herd by a supervised milking not more than 72 hours after the taking of the questioned 
sample. The milk from such a supervised milking is known as an appeal-to-cow or appeal- 
to-herd sample. The usual procedure is to notify the inspector as soon as possible and he 
will probably decide to take a sample from a supervised milking. He may be required by 
law to do it within a specified time (usually between 24 and 72 hours) and in any case it 
should be taken as soon as possible to avoid the possibility that other factors have 
affected the milk. If the freezing-point of the "appeal-to-Cow" sample (which may in fact 
be an "appeal-to-herd" sample) is substantially the same as the original one, thg milk is 
regarded as genuine even though the freezing-point depression is less than 0.530 C. What 
the analyst means by "is substantially the same" has to be defined. It is probably 
reasonable to regard a difference of 0.010 C or more as indicating the presence of added 
water in the sample showing the lower freezing-point depression. The precision and 
accuracy of the analyst's own results over a period of time may enable him to come to his 
own conclusions about what represents a significant difference between two samples. 

The absence of an appeal-to-cow sample should not mean that an adverse report 
cannot be made. It means that a minimum value for genuine milk must be chosen. The 
analyst should determine the average freezing-point depression for milk in his area. 

Henningson (1969) and his collaborators in the U.S.A. found that genuine milk from 
herds may have a freezing-point depression as low as O.513 C ang that 5.3% of the herd 
samples examined had freezing-point depressions less than 0.530 C. The spread of these 
results is similar to that from individual cows and it would appear that the conclusions 
of Woog (1972: that the average freezing-point for bulked-milk is -0.544 and the minimum 
-0.540 C) are valid as long as the bulked milk (perhaps better called pooled milk) ie 
derived from enough herds to remove the effect of inter-herd variations. As the yield per 
cow and the size of herd have increased, the 200 gallons (originally regarded as the 
minimum volume representing bulked milk) seems to now be too small to be regarded as 
representative of pooled milk. Thus, the analyst must take these factors into account 
when choosing the appropriate value. When no appeal-to-cow sample is available, the 
regulatory analyst must choose an acceptable minimum freezing-point depression 
preferably based on at least a few hundred analyses from his area. When the freezing-point 
depression is less than about 0.510°C there is no doubt that water has been added, but the 
analyst still has to use a minimum value for genuine milk in order to calculate the 
approximate percentage of added water. For individual cows 0.530 C has frequently been 
taken while the A0AC 12th Edition uses 0.525°C as a presumptive limit irrespective of 
size of herd. It is generally considered most appropriate to report the result as "not 
less than x% added water". The reader is also referred to the remarks under "Interpretation" 
in the A0AC 12th Edition, p. 267. 
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An automatic thermistor cryoscop« is very much quicker than the Hortvet for routine 
purposes. Results for regulatory purposes may be checked against the latter, or it may be 
preferred to accept thermister results as official. 

Per details of its use see AOAC (12th. Edition) and Moore (1974), Anon (I97l) t 
Hoffelner (1968). 

The effects of pasteurisation and uperisation, which raise the freezing-point 
about 0.005 C are discussed by Dillier-Zulauf (1971), Dillier-Zulauf and Doyotte (1971). 

Milk samples for freezing-point tests may be preserved by the addition of 1.5 ml 
per 100 ml of a solution containing 1$ m/v HgCl^ and 0.85$ m/v NaCl (Harding it Royal t974), 
rather than formaldehyde, the presence of which invalidates the freezing-point test. 

A national survey on the freezing-point of milk is at present (1978) being carried 
out in the U.K. Where samples had to be preserved, sodium azide was uned. 

An increase in acidity lowers the freezing-point and hence tends to make samples 
appear to contain less added water. 0.0034 C iB subtracted from the freezing-point 
depression for every 0.01$ by which the acidity expressed as lactic acid exceeds 0.18$. 
If the acidity exceeds 0.30$ the freezing-point test is invalid. Some care should be taken 
in interpreting the results if the acidity exceeds about 0.23 - 0.24$. Binder ( 1970) 
suggests subtracting from the freezing-point depression 0.0002 C for each 0.1 Soxhlet- 
Henk^el (0.00225 $ lactic acid) above 7 Soxhlet-Henkel and adding that amount for each 
0.1 S-H below. Panetsos and Qeorgakis (q.v.) suggest 0.0008 C per 0.1 S-H and state 
that over 12 S-H (0.25$ lactic acid) the corrections become unreliable. Binder's 
figure corresponds to O.OOO888 C per 0.01$ lactic acid and hence is about 4 times lower 
than that of Panetsos and Oeorgakis, the B.S. etc. The expression of milk acidity other 
than as $ lactic acid is dealt with under "acidity". 

Helboren and van der Velden (1974) have suggested a screening method for added 

water. 

For further data and discussion on the freezing-point, see: 

- B.S. 3095: 1959 The Determination of the Freezing-point Depression of Milk (Hortvet 
Method). 

- Luck, H. and Dresner, S. Freezing-point of market milk, South African Journal of Dairy 
Technology, 1 (4) p. 221-227 ( 1975) : FSTS 8 6P1167 (1976). 

- Binder, W. Proceedings of the XIX International Dairy Congress 1E p. 465 (1974): FSTA 
1 5P1118 (1975). 

- Asperger, H. Proceedings of the XIX International Dairy Congress, p. 465-466 (1974): 
FSTA 2 5P1119 (1975). 

- Bouchez, D. and Haes, 0. Revue de 1' Agriculture, 26 (4) p. 799-812 (1973): FSTA 6 
3P343 (1974) 

- Henningson, R.W. J.A.O.A.C. ^2 (1) p. 142-151 0969). 

- Henningson, R.W. J.A.O.A.C. £3 (3) p. 539-542 (1970). 

- Henningson, R.W. J.A.O.A.C. £2 (3) p. 504-506 (1972). 

- Henningson, R.W. J.A.O.A.C. ^ (4) p. 816-821 (1968). 

- Jamotte, P. and Duchateau, J. Technicien du Lait, pp. 17, 19, 21 in January issue and 
pp. 25-27 and 29-34 in February issue 0973): FSTA j 2P206 0 975) 

- Freeman, T.R. and Bucy, J.L. and Kratzer, D.D. Journal of Milk and Food Technology, 34. 
(4) p. 212-214,(1971): FSTA 3 10P1617 (1971) 
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Dermott, B.J. Journal of Milk and Food Technology, ^4 (3) p. 140-141 ( 1971 ) : FSTA 2 
10P1616 (1971) 

Panetsos, A. and Georsakis, S. Keutsche Molkerei-Zeitun^, £1 (21 ) p. 870, 872-874 
(1970: FSTA 2 9P1179 (1970). 
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ACIDITY 
IN MILK 

PRINCIPLE 

The sample is titrated with sodium hydroxide to a phenolphthalein endpoint using 
milk containing rosaniline as a comparison standard. 

APPARATUS 

t« Two 100 ml porcelain evaporating basins. 
2. Burette, 5 ml. 

REAGENTS 

1. 0.1M sodium hydroxide solution. 

2. Rosaniline acetate solution. Dissolve 0.12 g of rosaniline acetate In 
96# ethanol containing 0.5 ml of glacial acetic acid and dilute to 100 ml. Store in the 
dark. Dilute 1 ml to 500 ml with 9656 ethanol: water, 1:1. 

3. Phenolphthalein. Dissolve 1 g phenolphthalein in 110 ml 9<# ethanol and add 
0.1M sodium hydroxide dropwise until a faint pink colour is obtained. Dilute to 200 ml 
with distilled water. 

PROCEDLRE 

Pipette 10 ml of milk into each evaporating basin. To one add 1 ml of the dilute 
rosaniline solution and stir with a glass rod. To the other add 1 ml of phenolphthalein 
solution and titrate with 0.1M sodium hydroxide, stirring the sample, until the colour is 
the same as that of the rosaniline comparison standard. 

CALCULATION 

% m/V lactic acid - x 0.1 x 90 x l0 [ m l 0 f 1 ^l k take n) 

- titre x 0.09 
where % m/V - percent mass in volume 

INTERPRETATION 

The various standard methods for determination of acidity in milk give slightly 
different answers even if used by the same operator and these differences (discussed by 
O'Connor, 1970) tend to be greater if no colour standard is used (e.g. AOAC method). The 
acidity of freshly drawn milk is mainly due to citric acid, phosphates, carbon dioxide 
and casein, and is about 0.13-0.14$ expressed as lactic acid. The increase in acidity on 
ageing is due to the production of lactic acid as a result of bacterial action. Sourness 
begins to become noticeable when the acidity exceeds about 0.16% as lactic acid. 

The acidity of milk is often expressed in degrees, defined as follows: 
Degrees Soxhlet-Henkel (°S-H) - ml of M/4 alkali remiired to neutralize 100 ml of milk 
(hence - % of lactic acid). 

Degrees Dornic (°D) - ml of 0.023M calcium hydroxide solution (saturated lime water at 
15°C) required to neutralize 100 ml of milk. 
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Degrees English - ml of M/9 alkali required to neutralize 100 ml of milk. 

Degrees Richmond (°R) • No. of ml of 0.1M alkali required to neutralize 100 ml of milk. 

Hence 0.140 lactic acid - 30°D - 7°S-H- 17°R - 14° English. 

REFERENCES 

- B.S. 1741:1963. 

- Luck et al (1973) have investi/^ated the relation between acidity and pH. 

- Stiles et al (1974) compared a number of methods and found the one given here the most 
accurate. 

- Citric acid may be determined by the IDP method for cheese (see Nowak A Laskowski 
(1972). 

The acidity of mastitis milk may be as low as 0.10$ as lactic acid while very rich 
milks may contain as much as 0.16$ before lactic fermentation starts. The acidity of 
pasteurised milk does not normally exceed 0.1 5$ as lactic acid nor that of sterilized 
milk 0.16*. 
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NITRATES IN MILK 
QUALITATIVE 

PRINCIPLE 

Under the conditions of test, diphenylamine is oxidised by nitrate to the intensely 
blue quinone-immonium salt via diphenyl benzidine. 

APPARATUS 

Note. Care must be taken to rinse the glassware used to ensure the absence of ever, 
traces of nitrate. The test must not be oonducted near sources of nitrous fumes such as 
reagent bottles of concentrated nitric acid. The filter papers used must also be checked 
for nitrates and washed prior to use if necessary. 

REAGENTS 

1. Diphenylamine solution. Weigh O.O85 g diphenylamine add to it 50 ml water - 
Slowly add 45O ml of concentrated sulphuric acid with shaking, keeping the solution cool. 

2. Precipitating reagent. Dissolve 20 g of mercuric chloride and 5 g of ammonium 
chloride in water, add 20 ml of concentrated hydrochloric acid and dilute to 100 ml with 
water. 

PROCEDURE 

To 5 ml of milk in a test-tube add 6 or 7 drops of the precipitating reagent and 
shake, occasionally for about 2 minutes. Pipette 2 ml of the diphenylamine solution into 
the bottom of another test-tube without allowing any of the solution to touch the walls 
of the tube. Place a filter paper in this tube and incline it so that the filtrate 
from the precipitated milk runs gently down the side of the tube and forms a layer on 
top. When about 1 ml of filtrate has collected, remove the filter and examine 4he filtrate/ 
diphenylamine interface over a white surface. In the absence of nitrates, -hero is no 
colour, and some yellow or brown colour may appear when the tube is rotated. In the 
presence of nitrates a blue colour develops either immediately or on rotation of the tube. 
Carry out a blank with genuine milk. The test detects down to about 0.1 micrograms/ml in 
the filtrate. 

REFERENCES 

- Lorrigo, Analyst & 433 1930. 

- Ling. E.R. "A Textbook of Dairy Chemistry", Volume II. 

- Davis, J.G. and Macdonald, P.J., 'lUchmond' s Dairy Chemistry", 5th. Ed. 

- For a more recent discussion, see Remond ( 197"?) • 
INTERPRETATION 

It is generally accepted that nitrate does not occur in normal milk, but is often 
present in drinking water, so the test, when positive, serves as confirmation of the 
addition of water to milk. There is no reason to apply the test if nitrate is known to be 
absent from the local water supply. Remond, (1975) discusses the presence of nitrate in 
milk from other causes. Quantitative estimation of nitrate and nitrite in milk is not 
usually justified, but if needed, the method of Manning, et al (1968) or Reeraini and 
Volonterio, (1973) may be used. 
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PRESERVATIVES 
IK MILK 

HYIROGEN PEROXIDE 

Thia may be detected by the method of the AOAC (addition of 10-20 drops of 1$ 
V 0 in 94$ v/v H SO to 10 ml of milk: a pink or red colour indicates peroxide). 
Peroxide disappears from milk, even UHT milk, by reaction with ascorbic acid and Lechner 
(1975) therefore suggests that the absence of ascorbic acid in the milk suggests that 
peroxide had previously been added, even if no longer present at the moment of test. 
Barone 4 Krett (1969) give a test for the detection of peroxide and catalase treated 
milk. The tests of Gilliland (1969) and Mrowetz 4 Thomasow (1970 appear to be more 
sensitive than that of the AOAC. 

Carbamide peroxide has been recommended as a preservative for milk in those areas 
where the prevalence of disease and adverse climatic conditions militate against the 
production of high quality milk; 0.05$ and 0.1$ as hydrogen peroxide are limits that 
have been suggested. The substance decomposes to give 64$ urea. 36$ hydrogen peroxide. 
The urea can be detected by the method of Mittal and Roy (1974), even if peroxide is no 
longer present. 

HTPOCHLOKITJS 

The AOAC (12th Edition) gives a test for hypochlorites and chlorammes. Chlorate 
often occurs in hypochlorite solutions either as a marker required by law, or as an 
impurity. Hypochlorite is unstable and the chlorate test relatively sensitive, and 
therefore a convenient means of looking for the former, which may have been used to 
sterilize equipment rather than consciously added directly to the milk. The following 
details are similar to those in BS 4285:1968. 

REAGENTS 

1. Slowly and with cooling, pour 73.5 ml of sulphuric into 25 ml of water and 
0.025 g of stannous chloride and dilute to 100 ml with water. 

PROCEDURE 

Cool 3 ml of milk in a test tube, to 0.5°C, add 3 ml of reagent (also at 0-5°C) 
and shake in a freezing-mixture of ice and salt. Leave to stand 3 minutes, then centri- 
fuge at 2500 r.p.m. for 3 minutes. Examine under ultraviolet light (365 nm). The super- 
nate shows a yellow fluorescence if chlorate is present. Compare with a standard 
containing a trace of chlorate. 

FORMALDEHYDE 

If there iB a trace of iron in the sulphuric acid used for the Gerber test and 
formaldehyde is present m the milk, a purple colour ir. formed, as in Hehner'e test. 
Chromotropic acid ( 1 ,8-dihydroxynaphthalene— 3 §6-disulphonic acid) in sulphuric acid alBO 
gives a purple colour with formaldehyde. These are described in the AOAC and in Pearson 
which also gives the tests of Schryver and of Shrewsbury and Knapp. Cenci * Cremonini 
(1968) have described the use of 2,4-dinitrophenylhydrazine for detection of formaldehyde 
in milk. 

BORATES 

Classical testB using turmeric for detection and the glycerol titration for 
determination are to be found in Pearson. Raber A Likussar (1970) have described an 
adaptation of the dianthrimide method suitable for milk samples. 
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BENZOATE AND SALICYLATE 

These may be tested for by the methods of the AOAC or by TLC as under "Preservatives" 
after precipitation of the protein with trichloracetic acid and extraction of the 
aromatic acids into ether. 

QUATERNARY AMMONIUM COMPOUNDS IN MILK 

These are used as detergent-disinfectants and may occur in milk due to inadequate 
rinsing of equipment, etc. The complex formed with eosin is soluble in dichloroethane in 
which solvent the colour of the complex can be read (542 nm). This is the principle on 
which most methods are based. See Miller (1973) and Miller & Wildbrett (1974), and the 
AOAC 1970 or 1975, 
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ANTIBIOTICS 
IN MILK 

Various dye reduction tests such as those using methylene blue, resazurin, 
triphenyl tetrazolium chloride (TTC), and brilliant black have been used to assess the 
bacteriological quality of milk. Milk of poor quality, containing large numbers of bacteria, 
has a relatively low and decreasing reduction potential and hence reduces these dyes more 
quickly. 

In using these dye reduction tests to detect antibiotics, the milk is pasteurised 
to destroy moat of the organisms present and then inoculated with an organism which will 
be able to cause dye reduction within a certain time under the conditions of test. The 
presence of an inhibitor is shown by failure to do so. The inhibitor may be an 
antibiotic, detergent disinfectant, pesticide residue or preservative. Any other than 
penicillin are likely to be difficult to identify. Circumstantial evidence from the 
inspector may assist in deciding what further tests should be carried out. It is usual to 
add penicillinase to another portion of the sample, normal dye reduction in this indicat- 
ing that the inhibitor is penicillin, which is the most likely. 

If the inhibitor is not penicillin and in the absence of evidence as to the likely 
cause, it is best to carry out some of the simpler tests first, for example for peroxide, 
quaternary ammonium compounds, formaldehyde, free chlorine and phenolic disinfectants. 
Iodophors will increase the iodine content of the milk. It is useful to check the pH also. 
If these tests prove negative, the milk may be examined for peBticide residues (see II B). 

The following may prove useful if the analysis has to be taken further. Hamann 4 
co-workers give a TLC-OLC method for isoxazolyl penicillins ( 1975) and for chloramphenicol. 
Rybinska, (1974) used a plate assay method and Micrococcus flavus test organism to detect 
down to 0.05 I.U./ml of bacitracin in milk. Kumar et al (1973) found that if the phos- 
phatase test was carried out using Folm-Ciocalteu reagent to detect the phenol produced, 
some insecticides, such as Baygon, Sevin, Tetraethylthiuram disulphide, (Thirara) 
Phoephamidon and Dichlorvos interfered in the test. Thus a discrepancy between the phos- 
phatase test done in this way, and using p-nitrophenyl phosphate or phenolphthalein might 
indicate the presence of these compounds. Reinbold (1971) uses TLC to detect tylosin in 
biological materials including milk. Aggarwal, et al (1973) found that thiram affected the 
methylene blue test (for milk quality, not for antibiotics) even at the 0.05 microgram/ml 
level, and that the test was much more sensitive to this residue than the others tested. 
Standard methods for the examination of Dairy Products* contains a chapter on the detection 
of inhibitors. Kramer et al (1968) describe methods for specific antibiotics. 

For a general review of the determination of antibiotic residues in milk, see 
Peagan, Dairy Science Abstracts 28 (2) p. 53-60 (1966). Kramer et al (1974) and Cox A 
McNamara (1975) Richard, A Kerherve, (1973) describe detection of disinfectants on a 
paper disc and an acid titration method for antibiotics. 

The Intertest ^method given there is suitable for routine use. The disc assay 
technique is described in the AOAC ( 1975) and by the I DP (57:1970). The publication of 
Kramer et al (1974) gives methods for penicillin, bacitracin, the tetracyclines, 
streptomycin, neomycin,polymixin, erythromycin and novobiocin . 

For further information reference should be Bade to a standard text such as 
Harrigan and McCance (1976. 



* loc.cit. 
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ANTIBIOTICS 

INTERTEST 

METHOD 

PRINCIPLE 

The milk is heated to kill vegetative bacterial cells and inoculated with 
Streptococcus thermophilufl . Samples failing to produce acid under the conditions of test 
and still failing on re-testing are considered to contain inhibiting substances. 

APPARATUS 

1. Water bath thermostatically controlled at 37.5 ± 0.5°C, fitted with lid and a 
thermometer calibrated to an accuracy of + 0.5 C. 

2. Hater bath or other vessel oapable of being heated to boiling point. 

3. Thermometer, range -5°C to 105°C. 

4. Refrigerator or other means for maintaining samples at 5 + 2°C. 

5. Hot air oven or autoclave. 
6* Sample bottles, 8-10 oz. 

7. Test tubes 150 x 16 mm graduated at 2.5 and 10 ml. 

8. 1 ml graduated pipettes. 

9. 5 or 10 ml graduated pipette. 

10. Rubber bungs to fit 150 x 16 mm (six inch x five eighths inch) test tubes. 

11. The apparatus items 6-10 inclusive shall be sterilised by methods such as 
those described in B.S.809:1974 - Methods for Sampling Milk and Milk Products. 

12. Colour chart, available from Intervet International, Boxmeer, The Netherlands 
and distributors. 

MATERIALS 

1. TEN test vials - These contain 10 doses of a freeze dried culture of 
Streptococcus thermophilus with suitable nutrients and bromocrssol purple indicator. Store 
in the refrigerator. 

2. ONE test vials - These contain 1 dose of a freeze dried culture of 
Streptococcus thermophilus with suitable nutrients and bromocresol purple indicator. 
Store in the refrigerator. 

3. One quarter strength Ringers solution. When possible, a sterile solution as 
prepared for bacteriological tests must be used, but in laboratories without an autoclave 
or a similar pressure vessel, the solution must be prepared by dissolving one Ringers 
tablet in 500 ml of freshly boiled distilled water. In either case the solution used 
must be discarded after each daily use. 

4. Freshly boiled distilled water - this may be glass-distilled, or de-ionised 

water. 
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PREPARATION OP MILK SUB-SAMPLE 

Pour 10 ml of the well mixed milk sample into a graduated 1^0 x 16 mm test tube 
and clone the tube with a rubber stoppper. This transfer must be made aseptically before 
any other tests are made on the milk. 

As soon as possible after sampling, heat the 10 ml nub-sample by releasing the 
stopper and placing the tube in a boiling water bath until the temperature of the milk 
reaches 95 ± 2 C. This is indicated by a thermometer in a control tube containing a 
similar quantity of milk, initially at a similar temperature to the coldest of the sub- 
samples being treated. This control tube must not be agitated by mixing or stirring the 
control sample with the thermometer as the temperature rises. In any cases of doubt 
about the heat treatment, slight over-heating of the sub-sample is to be preferred to any 
under-heating of the sub-sample. 

When the milk reaches 95 ♦ 2°C, remove the tube from the boiling water, q coo1 in 
running water, tighten the stopper ar.i store the tube at a temperature of 5 + 2 C until 
the sub-sample is tested or the day of sampling or on the following day. 

The heat treated sub-sample must be retained in the refrigerator until an initial 
result has been obtained in case a confirmatory test is required. 

PROCEDURE 

TBS Test vial . Mix tie heat treated sub-sample by inversion, remove the Btopper 
ani carefully poio* off 2.5 mis into a graduated test tube. Return the remainder of the 
sample to the refrigerator. 

Remove the metal closure and rubber seal from a TEH test vial and pipette into it 
3.5 ml of one quarter strength Ringer solution uBing a 5 or 10 ml graduated pipette. 
Replace the seal and allow to stand for 2-3 minutes before inverting gently to mix the 
contents. 

Using a 1 ml graduated pipette transfer 0.3 ml of the contents of the TEN test 
vial to the contents of the graduated test tube. Stogper the tube and mix thoroughly by 
inversion. Incubate the tube for 4 hours in the 37«5 C water bath. 

At the end of this time, remove the tube, invert once, then read the colour by 
comparison with the colour chart provided. 

OWE test vial. Mix the heat treated sub-sample by inversion, remove the stopper and 
carefully pour off 2.5 mis into a graduated test tube. Return the reminder of the sample to 
the refrigerator .Remove the metal closure and rubber seal from a ONE test vial and care- 
fully pour the contents of the graduated test tube into the vial. Replace the rubber seal 
and allow to stand for 2-3 minutes before inverting gently to mix the contents. Then 
transfer the contents back to the graduated test tube, stopper and incubate the tube for 4 
hours in the 37.5 C water bath. 

At the end of this time, remove the tube, invert once and read the colour by 
comparison with the colour chart provided. 

INTERPRETATION OP RESULTS 

Colour of milk after incubation Interpretation 
Blue (unchanged) Fail 
Creen Pass 
Yellow Pass 
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A colour falling between these colours should he recorded with the initial letter 
of the two nearest colours e.>*. BG for Blue/Green. 

Any colour change after incubation should be recorded as a PASS, including Blue/ 
Green (b/g). 

Samples which <*ive the 'fail' result on the initial test must be subjected to a 
confirmatory test, either on the same lay or the following working day. 

Confirmatory Test in? 

Reheat treat remainder of milk sample to 95°C + 2°C, and cool m running water as 
before. Repeat the Antibiotics test on the sample. Record both initial and confirmatory 
test results. A 'fail' result is only reported as a fail if it is confirmed; if it is not, 
the valid result recorded for that sample is 'pass'. 

Action to be taken if all samples in a batch ?ive a 'fail' result 

As far as possible, samples should be tested in batches of 10 in order to correspond 
to the contents of a TEN test vial. If after 4 hours at 37 C, all 10 tubes are blue, they 
must be returned to the 37 C water bvth for a further 30 minutes. If all the tubes are 
then still blue, the results are not valid and the test should be repeated on further 
samples of each milk at a later date. If one or more of the tubes show a yellow or green 
colour, the 'fail' tubes should be recorded and the sa-nples giving 'fail' results 
retested. 

Rotes 

All glassware and rubber stoppers must be washed thoroughly as soon as possible 
after completion of the test in a hot solution of a suitable detergent followed by 
rinsing in clear, water. 

The solutions to be incubated should be prepared and incubated in batches of not 
more than 10 samples at a time. 

Reconstituted culture must be used immediately and any surplus must be discarded. 
Such surplus culture and test solutions may be safely disposed of by washing down the 
Bink. 

Test materials for the Antibiotics test may be obtained from the following 
suppliers: 

Intervet Laboratories Ltd. 
Viking House 
Viking Way 
Bar Hill 

Cambrid-e CB3 8EW 
U.K. 

The shelf life of Intertest 10 and Intertest 1 vialB as in the region of one year 
in a refrigerator (Maximum temperature + 8°C) and 3 weeks ambient temperature. Materials 
may bo kept in a deep freeze. 
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OFF-FLAVOIRS 
IN MILK 

Milk freshly drawn from a healthy udder har a "cowy" flavour distinguishable from 
various taints of bacterial origin due either to mastitis or subsequent bacterial growth 
or contamination. Although souring is the commonest off -flavour derived from bacterial 
action, this may also caur-e bitterness, sweet curdling and odours specific to a 
particular microorganism. 

Feeds and weeds, such as some of the Brassicaceae may cause a taint in the milk, 
this tending to pass off on standing or with aeration. 

The fish;,' flavour that sometimes occurs in the milk from cows on wheat pasture has 
been shown to be due to tnmethyl amine (Mehta 1974). Invested land cress, Coronopus 
didymus, is one of the weeds more recently reported to cause an off-flavour in milk (see 
Walker ft Cray, 1970). 

The most important enzymically-induced taint is that of rancidity. Milk kept at low 
temperatures in the presence of copper and sometimes even in its absence may develop an 
oxidised flavour. Irradiation and direct sunlight can induce a taint variously described 
as "flat", "burnt" or "emery". Milk that has been heated over about Q 0 C has a cooked or 
scorched taste and smell. 

The cause of a complaint in relation to a sample of milk may be one of the above, 
or may be the accidental contamination of the milk with kerosene, soap, chlorine 
disinfectants or other chemicals, Occasionally microorganisms can produce off-flavours 
which might be thought to have chemical onginB. For example, sterilised milk may have a 
carbolic flavour, and atypical strains of Streptococus lactis can produce caramel or 
malt flavours. The flavour of vinegar or some fruits may be due to the action of bacteria 
or yeasts. Milk easily picks up flavours from the surrounding atmosphere due to the large 
surface area offered by the fat globules. 

There is an article on off -flavours in milk by Kratsereta (1967) showing that in 
over 18,000 samples the commonest cause of taint was the feed. 

RECONSTITUTED MILK IN WHOLE MILK 

Surpluses of milk powder, whether skimmed or full-cream, and of butter or butteroil 
may make it economically attractive to produce reconstituted milk in addition to or instead 
of the fresh product. If the sale of such milk is controlled by legislation or the price 
restricted the analyst may be required to distinguish reconstituted milk from whole milk 
and detect the presence of the former in the latter. This is not particularly easy and 
depends on looking for any changes that have taken place as a result of the heat 
treatment and drying of the milk powder, such aB protein denaturation, flavour changes 
and browning reactions. Such changes are likely to be even less marked in the case of 
instantified powders. (The following is a short guide to some of the relevant bibliography 
of suggested methods). 

Use of the proportion of undenatured protein as determined by a dye binding method 
to estimate the amount of reconstituted in pasteurised milk; Ramos, Martinez ft Soriano 
0975)- Measurement by reflectance spectrophotometry of the blue colour produced by the 
action of phosphomolybdic acid on milk proteins precipitated at pH 4.7; Murthy 4 Kaylor 
(1971) (could not detect less than 10$ dried milk in whole milk). Use of starch gel 
electrophoresis (Eisses A Beekes (1970) who claim this technique is more sensitive than 
measuring the femcyanide-reducin? capacity of the proteins (Hobbs (1962), Konning A Van 
Rodijen (1971)» Determination of the sulfhydryl groups present as an indication of the 
proportion of reconstituted milk; Mrowetz ft Klostermeyer (1972), Pofahl ft VaJ-alens 
(1968). Hydroxymethylfurfural is formed durin? heat treatment of milk and this approach 
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has been investigated by Samuelsson A Pier Nielser, (1970). Disc gel electrophoreeis of 
milk proteins pre-stained with a fluorescent indicator ( Zak, Keeney, 1974) is an 
interesting development that may have application to the detection of reconstituted milk. 
For further information see Davis, J.C. in Herschdoerfer "Quality Control in Pood Industry}' 
Vol. 2, p. 74 (1974). 

DETECTICJi OP MILK FROM ONE SPECIES IK THAT OP ANOTHER 

Milk from some animals may cause an allergic reaction in sensitive individuals and 
therefore misdescription can represent a health hazard. Milk from a particular species may 
command a higher price, so that passing off cheaper milk would be economically attractive. 

Monacelli A Cantagalli (1975) and Carini A Busca (1975) use an a«rar immunodiffusion 
teBt to detect cows' milk in ewes' milk and ewes' milk oheese. Foissy (1976) finds electro- 
phoresis best for this purpose, and also applied it to the presence of cows' milk in goats' 
milk (see also Aschaf fenburg A Dance, 1968). Eguares (1975) describes the use of hyper- 
immune antisera, the test giving a precipitate in the presence of cows' milk. Earlier 
methods are reviewed by Bret (1968). A series of papers describes the use of polyacrylamide 
gel electrophoresis (Pierre A Portmann, 1970, 1970a; Port mann A Pierre, 1 97 1 ) • Adulteration 
of cows' milk with buffaloes' milk has been detected by starch gel electrophoresis 
(Majunder A Ganguli, 1972 and Majumder et al). Ouha et al (1972) did not find the gel 
diffusion technique using Hansa test serum adequate to do this. 

MILK OF ANIMALS OTHER THAN COWS 

The milk of goats or other animals may be analysed in the same way as cows' milk. 
For details of the composition of milk from different animals, see Webb (loc.cit.). Goats' 
milk is somewhat more variable in composition than cows' milk. The reader is referred to 
the paper by James (1976) for details of some recent goat milk analyses. Also see Jaouen 
(1971). 

Pruthi, Raval A Bhavsar (1974) discuss the Recknagel» phenomenon in buffalo milk and 
Peuthi A Bhalerao (1973) with the application of Richmond's formula. Davide A Domingo 
(1971) have produced a series of papers on Carabao milk. The polyacrylamide gel electro- 
phoresis of buffalo milk is described by Mincione et al (1973). See also the book by 
Swaisgood (undated) on the gel electrophoresis of milk proteins. 

For recent papers on ewes milk see Al-Shabibi et al (1971), Williams, et al (1976) 
and Wagner (1973) and for camels' milk and its products see Rao, Gupta A Dastur (1970) 
and Vaghela (1976). 

SUGARS IN MILK 

The only naturally occurring sugar in milk is lactose although glucose and galactose 
may be present due to bacterial or fermentative breakdown of lactose. Lactose may be 
determined for example colorimetncally, Nickerson, Viyicic A Lin ( 1976), and Fernandez A 
Ramirez ( 1 974 ) • Colorimetric and polarimetric methods are compared by Wilson, Sweetsur A 
White (1974). The Bertrand method has been modified to a colorimetric finish by Rukina A 
Rastegaeva (1974). 

GLC (Jaynes A Asan, 1973) liquid chromatography (Hobbs * Lawrence, 1972) and an 
enzymic method (Bahl, 1972) have been used. 



* The term used to describe the fact that the observed specific gravity of milk increases 
slowly during the first 12 hours after milking, perhaps due to changes in the casein or 
in the physical condition of the fat. The gravity may increase by as much as 0.0013. 
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For the qualitative analysis of sugars in milk, the TLC method (II. B) on the 
filtrate obtained after protein precipitation and clarification by potassium ferryocyanide 
/zinc acetate, or TLC on cellulose may be used (Vahdehity ft Lopez, 1971). Dougall * Morgan 
(1973) use TLC to detect adulteration with sucrose or reconstituted sweetened dried skim 
milk. Madrid Vicente (1972) describes a rapid colour test for glucose in milk; the test 
of Mittal ft Roy (1974) appears to be more sensitive. Their paper includes a rapid test 
for added ammonia or urea sulphate. A method by PC is given by Gupta ft Mathew ( 1969) • Dhar 
et al (1970) point out that if sucrose has been added to milk, it may have been partially 
hydrolysed by the acidity present naturally. It is therefore more reliable to^calculate 
the milk solids other than milk fat by multiplying the protein (N x 6.38) by rather 
than subtracting the fat and sucrose from the total solids. The factor 21 i 8 derived from 
Vieth's ratio. 9 

OTHER CONTAMINANTS AND ADULTERANTS IN MILK 

Examination of milk for dirt (straw, bovine faecal material etc.) is important. 
The filtration methods of B.S.4938: 1973 or AOAC (1975, 44.01 3-44.016) may be used. 

Some contaminants and forms of adulteration of milk are of sufficient importance 
to warrant discussion under separate headings. Others met with more rarely or 
requiring less detailed treatment are mentioned here. Antibiotic residues in milk are 
among the contaminants of most public health si#iificance and a method is therefore given. 
Polychlorobiphenyls (RJBs) and polybromobiphenyls (PBBe) will have shown up during the 
GLC examination for organochlorine pesticides. (General methods for pesticides are given 
in the chapter on contaminants). 

The following is a simplified extraction for chlorinated pesticides from milk 
(Mukherjee and Roy, 1975): 

A column (6x2 cm) containing anhydrous sodium sulphate and sea sand (1.5 + 1) is 
topped with 1 cm layer of anhydrous sodium sulphate. Apply milk sample (10 ml)auspected 
to contain pesticides (or reference sample previously admixed with measured amount of DDT 
and Lindane) and cover immediately with 45 ml acetone and 15 ml hexane and leave 1 hr 
with the lower stopcock closed. Elute and then continue the elution with 100 ml petrol- 
eum ether tdiethyl ether mixture (90:10). Wash extract with 75, 30, 15 ml portions of 1$ 
NaCl soln and evaporate on water bath (Kuderna-Danish evaporator). Subject the concen- 
trated extract to TLC or GLC for identification and quantitation directly; if an 
excessive amount of interfering fat remains it can be removed by prior solvent partition- 
ing or Plorisil adsorption following the routine procedure. 

Some papers particularly related to the determination of pesticides in liquid milk 
are mentione d here. 

- trichlorphon by TLC, Pis'mennaya (1970) 

- TLC and enzymatic detection for butonate, trichlorphon and dichlorvos 

- TLC ar.d enzymatic detection for trichlorphon ft dichlorvos only, Ackermann, Pechner ft 
Berger (1971) 

- some organochlorineB in milk and rape seed oil by TLC, Parys (1971) 

- GLC of organochlorines, Tolle et al (1971, Siyali ft Strieker (1973) 

- DDT, BHC and aldrin by TLC, Chraielnicka ft Szewczk (1972) 

- extraction of dieldrin from milk, An<j ft Du^an (1973) 

- rapid clean-up followed by GLC, Gabica, Watson ft Benson (1974) 

- nitrofurazone residues by TLC, Rutczynska-Skonieczna (1973) 

- carbaryl with p-nitrobenzenediazonium fluoroborate (colorimetric), Piechocka(l974) 
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- hexachloroben zene from quintozene in milk, Cnaegi (1973) 

- TLC for 3, 3-dichloro-5,5'-dinitro-0,0'-diphenol, Karkocha (1972) 

- chlorobutanol by GLC 

- parathion ft methylparathion (colorimetric), Canuti et al (1972) 

- organochlorinee by TLC, Molochnikov, Serebrennikova ft lochalov (1973) 

- review of organochlorinee related to milk in Prance, Luquet, Goursaud, ft Canal is (1974) 

- hexachloro-p-xylene and metabolites by TLC, Kuchinskii et al (1974) 

Other environmental contaminants may have gained access to the milk via feed, 
processing equipment or in other ways and their presence muBt be sought by some general 
screening procedure such as GLC, combined with efficient inspectional work. The detection 
of aflatoxin M is described under mycotoxins and the determination of toxic trace elements 
in the chapter on contaminants, although mention is made here of some of the papers 
particularly referring to milk. 

The general aspects of trace contaminants in milk are discussed by a number of 
workers including Bgan (1970), Richou-Bac 0974)t Cox and McHamara (1975) and Tolle et al 
(1973). 

Iwaida et al (1971) describe an interesting example of adulteration with lactose 
and emulsified fat. Huh (1971) found that soya bean milk increased the freezing point 
0.0O3°C for each 1# added and Nakai A Groat (1970) and Kim ft Park (1971) found that the 
presence of this adulterant could be detected using polyacrylamide gel electrophoresis. 

Very few natural toxicants pass into the milk without also causing sickness in the 
cow. The most important are tremetol (from Jimsonweed and rayless goldenrod), the toxin 
in white snakeroot, and vinylthio-oxazolidone, a goitrogen occurring in Brassicae. 

Some of the problems of monitoring for radioactivity in milk from herds grazing 
near nuclear reactors are discussed by Wiechen (1975) and Kelleher ft Prins (1974;. 
Karkocha (1975) gives a TLC method for the determination of diethyletilbestrol in milk. 
Mauro (1973) has adapted a TLC method for BHA and BHT to their detection in milk and 
milk products. 

Added colour to milk is discussed and determined by Bose (1972) and Thar et al 
(1971). Landaas ft Solberg (1974) give a simple extract lon-titrat ion procedure for the 
determination of free fatty acids in milk. 

- FlUckijer ARyser, H. (1970) Deutsche Molkerei - Zeitung 9J. (43) 1985-6 

- Pien, J. 1974) Lait 34 153-164 

- Prasad, S. Mulayca (1973) J. of ?d. Sin. A Technol. India 10 (4) 188-9 

- Pien, J. Deeiramt, J. A Avril (1972) Annales des FeJsif ication et de l'Expertise 
Chimique 
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DRIED MILK 



The most important determinations to assess the quality of dried milk are the 
bacteriological examination, moisture, solubility index, lactate, and acidity. Rancidity 
values should be determined on samples other than skimmed. The constituents other than 
moisture must be in the same proportions as in liquid milk and Vieth'n ratio still applies. 
Roller-dried milk should be examined for burnt particles which may be inadvertently included 
in the product during manufacture. The bacteriological examination is more important than 
the chemical and should at least include tests for faecal Streptococci, total plate count 
and presumptive calif orms. If the latter is positive, tests should be made for Staphylococci, 
and Salmonella ynd Clostridia. 

Identity and composition may be checked from the fat, protein, lactose and ash and 
HAI or RPK on the fat. 

Codex compositional standards are as follows: 



Whole milk powder 
Minimum milkfat content: 
Maximum milkfat content: 
Maximum water content : 

Partly skimmed milk powder 
Minimum milkfat content: 
Maximum milkfat content: 
Maximum water content: 

Skimmed milk powder 
Maximum mlkfat content: 
Maximum water content: 

POOD ADDITIVES 
Stabilizers 

Sodium, potassium and calcium 
salts of: 
hydrochloric acid 
citric acid 
carbonic acid 
orthophosphoric acid 
pal •/phosphoric acid 

Emulsifiers in instant milk 

powders only 

Mono- and di-glycerides 

Lecithin 

Anticakinft agents in milk powders 
intended to be dispensed in vending 
machines 

Tricalcium phosphate ) 
Silicates of aluminium, ) 
caloium, magnesium and 
sodium-aluminium 
Silicon dioxide (amorphous) 
Calcium carbonate 



26$ m/m 

less than 49$ m/m 
% m/m 



more than 1.3$ m/m 
less than 26$ m/m 
3$ m/m 



1.5$ m/m 
3$ m/ra 



Maximum level 

5000 mg/kg singly 
or in combination 
expressed as an- 
hydrous substances 



2500 mg/kg 
5000 mg/kg 



10 g/kg singly or»»» 
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Magnesium oxide ) in combmatioi 

Magnesium carbonate ) 
Magnesium phosphate, trib--»sic) 

The fat content may be determined by the method of Rose-Gottlieb, (IDF 9A:1969) 
and (ISO 1736:1970) taking up to 1.5 g of sample depending on the expected fat content and 
diluting to 10 ml with water, then proceeding as for liquid nilk. The method is described 
in Codex Standard CAO/MI-1973 and ISO 17V -1970. Kopecky (1974) uses carbon tetrachloride 
to extract the fat. Patratii A Sochneva (1973) discuss the various methods available. 

Protein is calculated from the Kjeldahl nitro^r, usinpj a factor of 6.38 for all 
milk products. Lactose can be determined on a cleared solution by a polarimetnc, gravi- 
metric or volumetric method. Determination of acidity bv titration of a weight equivalent 
to 5 g of dry fat-free powder reconstituted with 50 ml of water to phenolphthalein with 
standard alteli is being discussed by the Codex Alimentarius Commission. The result is to 
be calculated on the number of ml of 0.1M sodium hydroxide required to neutralize 10 g of 
dry fat-free milk solids. 

About 2 g is taken for the ash determination. It is necessary to remove the dish 
from the muffle about an hour after smoke is no longer given off . Break up the ash with a 
glaBS rod, add water, evaporate, dry and continue ashing. The residue may be used to 
determine the alkalinity of the ash. 10 ml 0.2 X HC1 is added and the mixture warmed to 
complete solution. After cooling 2 ml of 40j£ neutral calcium chloride solution and 0.5 ml 
of phenolphthalein are added and the mixture is titrated with 0.2 M NiOH to a faint pink 
end-point lasting for 30 seconds. The result is expressed as ml of 0.2 M HC 1 per 100 g of 
original powder (B.S. 1743: 1968). 

Pull details are given in the methods section for solubility index, moisture and 
lactate. 

Among recent papers on dried milk are the following: 

- rapid method for riboflavin (Woodrow, Torrie * Henderson 1 969) 

- fluorimetric determination of pyridoxal (Fiedlerova 4 Davidek 1974) 

- GLC determination of vitamin D 2 (Bell A Christie 1974) 

- GLC determination of Vitamin 1) (Panalaks 1970) 

- Cadmium analysis by pulse polarography (Cornell 4 Pallansch 1973) 

- Comparison of methods for iron (Dedicova * Dolezalek 1975) 

- Two chemical methods for available lysine (Creamer, Matheson A Lohrey 1976) 

A claim may be made as to the number of pints or litres of liquid cows' milk to 
which the tin or container of dried milk is supposed to be equivalent. This is calculated 
from the analytical data assuming val.es for liquid milk. 



Suggested assumed values for Standard liquid Milk 



Type of Dried Milk 


% Fat 


i Total milk Solids % Solids not fat 


Density 
at 20°C 


Pull Cream 


3.6 


12.4 


1.032 


Three-quarter cream 


2.7 


11.6 


1.033 


Half cream 


1.8 


10.8 


1.034 


Quarter cream 


0.9 


9.9 


1.034 


Skimmed 




9.0 


1.0355 
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Th« equivalent pints may be calculated from the fat, total solids, solids-not-fat, 
or even from the protein or lactose provided the appropriate factor is calculated. For 
example, the label claims the contents of the can are equivalent to y litres of half-cream 
milk. 

1 litre of standard half-cream milk weighs 1,034 gm 
1 A 

This contains ^ x 1,034 - 19.4 gai of fat. 
Pat in sample (by experiment) - 14.3$ 
Contents of sample can - 507 gm 
Then the can contains x 507 - 72.5 gm 



where P - weight of the parameter in the whole contents of container. 
W • weight of whole contents of container. 

P.- weight of the parameter in the standard volume (litre or pint) of liquid 
milk. 

Cans of dried milk are often packed under inert ^as (which should not contain more 
than 5$ oxygen) and this may result in a swelling of the aluminium foil seal if stored at 
a high temperature. This is not to be confused with gas production due to bacterial spoil- 
age. 




litres of liquid milk 



or in general 



19.4 

P x W 

400 x P 



1 



Copyrighted material 



48 - 



ERIED MILK, 
MOISTURE 

PRINCIPLE 

The Baraple is dried to constant weight at 102°C and the lose in weight reported as 
moist ure. 

APPARATUS 

1. Metal dishes with close-fitting lids. 
PROCEDURE 

Dry a dish and lid in the oven and cool in the desiccator. Exactly weighing approx- 
imately 1 g of sample into the dish and dry in the oven 2 hours with the lid alongside. 
Place the lid on the dish, transfer to the desiccator and quickly weigh when the dish has 
completely cooled. Heat in the oven half-an-hour and re-weigh. Repeat until succeeding 
weights do not differ by more than 0.5 mg. 

CALCULATION 

i moisture m/m - jjggjj g^jggffi 

INTERPRET ATI OR 

Spray dried powders usually have a moisture content of about $ and roller dried 
powders about 5#. The latter are less commonly found than formerly as an article of 
commerce. Results over 5% would justify further examination, as the moisture is most 
active near the surface and may be sufficient to sustain mould or bacterial growth. 

The method given follows IDF 26:1964, and it is incorporated in an EEC draft 
directive on preserved milk products. 

Difficulties in obtaining consistent results may be due to small differences in 
oven temperature, oven design etc. These are discussed by Emmens et al (1970). Recent 
work (Morissey 1974), Anderson & Berlin (1974) and Thomasow, Mrowetz * Delfs (1972) has 
shown that the total moisture, including the water of crystallisation of alpha-lactose 
monohydrate may be determined by Karl Fischer or azeotropic distillation with toluene 
(method of Dean 4 Stark). Drying at 65 C for six hours under a vacuum of about 100 torr 
partial pressure gives a value corresponding to the "free" moisture. 

The standard IDF method gives intermediate results, partly due to decomposition of 
other constituents. Results obtained by this method which are close to a legal limit 
(commonly 9$) should therefore be interpreted with caution. 

B.S. 5272:1975 describes the simultaneous routine determinations of batches of 
dried milk samples. 
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DRIED MILK, 
SOLUBILITY 



PRINCIPLE 

The powder is shaken with water and the total solids of the suspension determined 
before and after centrifuging. The amount of powder remaining in suspension after centri— 
fuging expressed as a percentage of the total amount in suspension is taken as a measure 
of the solubility. 

APPARATUS 

1. Centrifuge with 50 ml tubes. 

PROCEDURE 

Shake 4 g of powder with 32 m£ water at 50°C for 10 seconds in a 50 ml centrifuge 
tube and keep the tube m water at 50 C for 5 minutes. Centrifuge the suspenBio'S from 
half-cream and full-cream samples for 10 minutes at 2000 rpm. Cool in a refrigerator and 
remove the fat layer after prising it from the walls of the tube with a needle. Warm to 
room temperature, break up the deposit with a glass rod and shake vigorously until the 
suspension appears homogeneous. 

For all types of sample, pipette 2 ml from the tube, weigh into a tared metal dish 
with lid and determine the total solids by drying on a waterbath and then in the oven 1-Jt 
hours. Centrifuge for 10 minutes at 2000 rpm and determine the total solids of 2 ml of 
supernate. 

CALCULATION 

100 T S 
H solubility - mo 
T 2 b 1 

- weight of suspension taken for total solids determination before 
centrifuging 

« weight of suspension taken for total Bolide determination after 
centrifuging 

- weight of dried solids remaining after evaporation of T 1 

- weight of dried solidB remaining after evaporation of Tg. 

INTERPRETATION 

Spray dried powders are almost completely soluble, roller dried to the extent of 
80$ or more. The results depend on the exact conditions of test and the acidity of the 
powder so it is advisable to compare doubtful samples with a spray dried powder known to 
be reasonably freBh. The powders become less soluble with age, thereby affecting the 
quality. 

REFERENCES 

- Davis, J.G. & Macdonald, F.J. ( 1953 loc. cit.) 

- King, M. (1966) Dairy Science Abstracts 28 (3) 105 

- Waite, R. & White J.C.D. (I949) f Journal of Dairy Research J6 374 

- Parsons, A.T. (1949)» Journal of Dairy Research _16, 377 

- Bonduelle, C. & Luquet F.M. (.1971 ), Technique Laitiere 218 18-19- 



where T., 

T 2 

S 1 

S 2 
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DRIED MILK, 
LACTATE 

PRINCIPLE 

The sample is reconstituted and clarified and lactate in the filtrate converted to 
acetaldehyde. The colour developed between the acetaldehyde and p-hydroxydiphenyl is 
determined spectrophotometrically and the lactate content calculated from a standard graph. 

APPARATUS 

1. Spectrophotometer reading at 570 nm. 

2. Graduated pipette or burette accurate to + 0.05 »1. 

REAGENTS 

1. Copper sulphate solution. Dissolve 250 g of cupric sulphate pentahydrate in 
water and dilute to 1000 ml. 

2. Acid copper sulphate solution. Add 0.5 ml of 25$ copper sulphate solution to 
300 ml of sulphuric acid, 95.5 - 97$ ■/«». 

3. Calcium hydroxide suspension. Grind in a mortar 300 g of calcium hydroxide with 
water to a total of 900 ml. Store in a tightly stoppered bottle. 

4* p-Hydroxydiphenyl solution. Dissolve 0.75 S °? p-hydroxydiphenyl in 5 ml of 5^ 
aqueous NaOH, shaking and warming as necessary. Dilute to 50 ml in a graduated flask. Store 
in the dark in a cool place and discard if discoloured or turbid. 

5. Lithium lactate standard. Dissolve 0.1067 g in water and dilute to 1000 ml. 1 ml 
contains 0.1 mg. Prepare fresh. 

6. Fresh dried milk containing less than 30 mg lactic acid per 100 g of solids- 
no t-f at. 

PROCEDURE 

For the test use a weight of sample equal to ^ where SNP is the 

percentage calculated by subtracting fat and moisture from 100. Thus a little over 11 g of 
skimmed milk powder is used, weighed accurate to the nearest 0.1 g. Add this weight to 100 
ml water and mix thoroughly. Pipette 5 ml into a 50 ml graduated flask and dilute to about 
35 ml. Prepare a blank at the Bame time by adding about 35 ml of water to another flask. 
Add slowly, with swirling, 5 ml of 2% copper sulphate solution and leave to stand 10 
minutes. Dilute to 50 ml, shake vigorously, filter and discard the first part of the 
filtrate. Pipette 1 ml of filtrate into a test tube (25 x 150 mm). Add exactly 6 ml of 
acid copper sulphate solution, heat in a boiling water bath 5 minutes then cool in running 
water. Add 2 drops of p-hydroxydiphenyl solution and shake thoroughly. Keep in water at 
30 + 2 C for 15 minutes, in boiling water for 90 seconds and then cool to ambient temper- 
ature in running water. Measure the absorbance at 570 nm against the blank. If the 
reading is higher than the most concentrated standard, dilute an aliquot of the filtrate 
and repeat the test with 1 ml of this diluted solution. 

PREPARATION OP STANDARDS 

Mix a weight of fresh low-acid skimmed milk powder with 100 ml of water, the 
weight calculated from 1000 as for samples. Pipette 5 ml of the reconstituted milk 

into each of 5 volumetrfc^flas^s and add 0, 1, 2, 3 and 4 ml respectively of standard 
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lactate solution. The standards correspond to 0, 20, 40, 60 and 80 mg of added lactic aoid 
per 100 g of Bolida—not-f at . Dilute the contents of each flask to about 35 ra ^ with water 
and proceed as for a sample. Plot measured absorbance against mg of lactic acid. The 
standards must be measured against the same blank as the samples. The blank when measured 
against water should not give an absorbance reading corresponding to more than 20 mg of 
lactic acid per 100 g of solids-not-fat. 



CALCULATION • 

The calibration curve gives the absorbanceB for 0 - 0.4 mg of lactic acid. 1 ml of 
filtrate is derived from 1 i 5 of the weight of powder taken. 

50 100 

Hence mg lactic acid per 100 g of solids-not-fat - mg in aliquot (read from graph) 



INTERPRETATION 

The lactate content tends to decrease slightly on storage, but may generally be 
taken as an indication of the acidity of the milk before processing. 



ISO 3495:1975. IDF 69:1972 and included in an EEC draft directive on preserved 
milk products. 



Agreement of duplicate determinations should be better than 10* 




REFERENCE 
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EVAPORATED MILK, 
COJDENSED MILK 

ANALYSIS REQUIRED 

The proximate analysis - total solids, fat, lactose, protein, ash and sucrose in 
sweetened milks should be done on routine samples. 

The acidity should account for the remainder. If there appears to be a discrepancy 
in the analysis, it may be worthwile to look for starch, or other fillers or thickeners, 
and if the protein is high in relation to the lactose and ash (Vieth's ratio), for gelatin. 
The equivalent volume of a normal milk may be calculated and compared with any claim on the 
label. For the purpose of calculating the equivalent pints (q.v.) the can should be weighed 
unopened, the contents transferred to a sample jar with an airtight seal, the can washed 
and dried and reweighed, in order to obtain the exact weight of the contents. Any small 
slivers of metal produced during opening must be included in the weight of the empty can. 
Old tins may require warming to about 40 before opening to facilitate mixing the contents. 
The sample may also be examined for metallic contamination (tin and lead) if the can 
appears attacked. 

Reoent papers on contaminants in concentrated milks include the following: 

- collaborative study on lead determination, Fiorino et al (1973) 

- lead by flaraeless atomic absorption spectroscopy, Huffman ft Caruso (1974) and (1975) 

- comparison of ten methods for residues of organoohlorine pesticides, Lawrence ft Burke 
(1969). 

Traditionally, evaporated milk refers to the unsweetened product and condensed to 
the sweetened, although there have been recommendations to discard this terminology-^ 

Some typical analyses (taken from Pearson) 1976 (loc. cit) 



Sweetened Milk Unsweetened Milk 



Full Cream Skimmed Full Cream Skimmed 





1 


2 


3 


4 


5 


6 


7 




* 




i " 


% 


r 




T 


Water 


25-05 


25.14 


26.62 


27.03 


66.18 


67.47 


76.62 


Milk solids 


33.39 


32.94 


27.21 


26.38 


33.82 


32.53 


23.38 


Fat 


10.64 


9.60 


0.22 


0.29 


9.28 


9.10 


0.75 


Lactose monohydrate 


12.25 


13.07 


14.93 


14.25 


13.33 


12.74 


12*50 


Protein 


8.57 


8.41 


9.61 


9.53 


9.16 


8.75 


8.35 


Sucrose 


41.56 


41.92 


46.17 


46.59 








Ash 


1.93 


1.86 


2.45 


2.31 


2.05 


1.94 


1.78 


Aoidity (as lactic acid) 


0.32 


0.28 


0.35 


0.30 


0.35 


0.40 


0.41 


Specific gravity 


1.305 








1.089 


1.085 





Food Standards Committee (U.K.) Report on Condensed Milk (HMSO, 1969). 
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The 

follows: 



Codex Aliraentarius Commission standards for evaporated and 



Milk 



Evaporated 
Skimmed 
Milk 



Minimum milkfat content 
$ m/m 

Minimum total milk solids 
content % m/m 

Sodium, potassium and cal- 
cium salts of hydrochlo- 
ric, citric, carbonic, 
orthophosphoric and poly- 
phosphoric acid, expressed 
as anhydrous substances 



7.5 



25.0 



Sweetened 
Condensed 
Milk 



8.0 



milk are 



Skinned 
Sweetened 
Condensed 
Milk 



2000 mg/kg 
■ingly, 
3000 mg/kg 
in combination in combination 



20.0 

2000 mg/kg 
singly, 
3000 mg/kg 



28.0 

2000 mg/kg 
singly, 
3000 mg/kg 
in combination 



24.0 

2000 mg/kg 
flingly, 
3000 mg/kg in 
in combination 



150 mg/kg 150 mg/kg 

It is not suggested that these standards are necessarily the only compositional 
limits that need to be defined for the purposes of national legislation. Some national 
standards have somewhat higher values for milkfat and milk solids. 

EQUIVALEHT VOLUME OP LIQUID MILK 

If the contents of the can are diluted with the requisite amount of water, milk of 
normal composition may be reconstituted. The volume so obtained may be called by a phrase 
denoting this, e.g. "equivalent pints". A claim may be made in the label relating to this 
volume and the accuracy of any such claim must be checked. The composition of "normal 
•T.i Ik" ie assumed, either by being stipulated in regulations, or by taking known average 
values. For the purpose of the worked example" normal milk" will be taken to contain 3.6# 
fat, 12.4# total milk solids. 

These figures have been calculated using TMS - 0.25D + 1.22P + 0.72 and densities 
of 1.029, 1.031 and 1.0325 where TMS - total milk solids, D - 1,000 x density - 1,000 and 
P - i fat. 



pint ("Imperial" pint) of this milk - 20 fluid ounces 20 x 1.032 - 20.64 
weight 



Total milk solids present • 



100 



x 20.64 - 2.559 



weight - 72.56 g. 



Total milk solids in a can of condensed milk (TMS) 

- £ — — where W is the weight of the contents in gramB 

* TMS x W 



INS in can 



equivalent pint. - ws in one standard pint 
- jo TMS x W 



100 



72.56 



7256 



By analogy, factors can be calculated for American pints and litres, if the claim 
is made in either of these units. Also, faotorB can be calculated using assumed values 
for fat, milk-protein, lactose or solide-not-fat. Some of these are given in the following 
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tables. (See Appendix* for conversion factors to metric (s.Ii) unite: American and 
Imperial fluid ounces are slightly different, but ounces weight are the same; I.U.S. pint 
- 0.8327 "Imperial" pints). 

Table 1 . Assumed Composition of Standard Milk 



Pull-Cream 

Half-Cream( semi-akimmed) 
Skimmed 



Fat 
3.6 
1.8 



Solids- 


Total 




not-fat 


milk solids 


S.G. 


8.8 


12.4 


1.032 


9.0 


10.8 


1.034 


9.0 


9.0 


1.0355 



Table 2. 

Total milk solids 

Solids-not-fat 

Pat 

Table 3. 

Total milk solids 

Solids-not-fat 

Fat 



Factor for Calculation of Equivalent Volume of Full-Cream Milk 

"Imperial" pints 

7256 
5U9 
2106 



Factor for Calculation of Equivalent Volume of Semi-Skimmed Milk 
I" pints 



"Imperial' 

6327 
5273 
1055 



Table 4. Factors for Calculation of Equivalent Volume of Skimmed Milk 



Total milk solids 
METHODS OP ANALYSIS 



"Imperial" pints 

5230 



The fat may be determined by the Rose-Gottlieb method, ISO 1737:1970 4 ( IDF 13A: 
1969) diluting 2 - 2.5 g» accurately weighed, with 8 ml of water and proceeding as for 
milk samples. A rapid result may be obtained by the Garber method for liquid milk using 
10.75 "I of » 20$ m/v solution of the sample. Butyrometer reading x 5 ■ 7° fat m/m. It is 
convenient to use the 20$ m/v solution so prepared for all of the proximate analysis. 
Livio (1969) discusses use of the Mojonnier method. 

Protein and ash may be determined by the routine methods described under "proximate 
analysis". Ashing of sweetened condensed milk may be facilitated by addition of a drop of 
oil. 



Lactose may be determined by the Lane A Eynon titration, using 25 ml of mixed 
Fehling's solution and calculating the result as lactose monohydrate from the table 
given in the chapter on sugar and sugar products. 10-12 g is diluted with 200 ml of hot 
water in a. 250 ml graduated flask and left to stand at least 30 minutes. After cooling, 
4 ml of zinc acetate solution is added, mixed and this is followed by 4 ml of potassium 
ferrocyanide solution. The mixture is diluted to 250 ml and filtered and the titration 
carried out using the filtrate. The strength of the protein preoipitants and the 
corrections for the volume of precipitate are the same as those used in the determination 
of sucrose in condensed milk. 



Appendix - See last section of Vol. 14/2 "Ingredients, Contaminants, Techniques". 
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Nowak and Laskovski (1972) found that th« ISO/lDP method (IDF 34s 1966 ISO 2963 1 
1974 CAC/M 1. 1973) for citric acid in cheese and processed cheese works equally well with 

other milk products. PhoephortiB can be determined by the method given in IDF 42:1967. Chang, 
Renoll & Hansen (1974) have used zonal electrophoresis in malonate buffer to detect 
emuleifiers and emulsion stabilizers such as carrageenan. Graham (1972) uses the colour 
developed between oarrageenan and o-tolidine/hypochlorite. Further references will be 
found in the chapter on these additives. 

Methods for total solids and sucrose are given in this chapter. 
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CONDENSED AND EVAP CRATED 
MILK, SUCROSE 

PRINCIPLE 

The optical rotation of a cleared solution of the sample is measured before and 
after a mild hydrolysis which inverts the sucrose but has almost no effect on lactose or 
other sugars. The percentage of sucrose present is calculated by use of a formula. 

APPARATUS 

1. Polarimeter with sodium or raercugy green light (Mercury vapour lamp with prism 
or special Wratten Screen 66a) reading 0.05 ° f angle or better or sacchari meter with 
International sugar scale with white light passed through a filter of 1 .5 cm of 6% 
potassium dichromate, or sodium light, and reading 0.1 cm or better on the International 
sugar scale. 

Both should be fitted with 2 dm tubes. 

2. Waterbath at 60°C + 1. 

REAGENTS 

1. Zinc acetate solution. Dissolve 21.9 g of the dihydrate in water, add 3 ml of 
glacial acetic acid and dilute to 100 ml with water. 

2. Potassium cyanoferrate (il) solution. Dissolve 10.6 g of the trihydrate in 
water and dilute to 100 ml. 

3. Dilute ammonia solution, 2M (3.5*). 

4. Dilute acetic acid solution, 2M (12£). 

5. Hydrochloric acid, 6.34M. 
PROCEDURE 

^Accurately weigh approximately 40 g of well-mixed sample, add 50 ml of water at 
80 - 90 C and mix. Transfer to a 200 ml volumetric flask, rinsing with quantities of water 
at about 60 C until the total volume is 120 - 1 50 ml. Mix, cool and add 5 ml of 2 M ammonia 
solution. Mix and leave to stand 15 minutes. This completes lactose mutarotation. Add 
exactly the volume of 2 M acetic acid required to neutralize the ammonia. Add 12.5 nl of 
sine acetate solution, swirling at the same time and then 12.5 ml of potassium ferryo- 
cyanide solution, continuing swirling. Dilute to volume at 20 C. Avoid inclusion of air 
bubbles. If this inadvertently occurs, apply gentle suction. Shake, leave to stand a few 
minutes and filter through a dry 15 cm filter paper (e.g. Whatman No. 4), rejecting the 
first 25 - 30 ml of filtrate. 

Determine the optical rotation of the filtrate at 20°C. There is no need to correct 
the reading for temperature as long as the solution is between 18 and 22 C. 

Invert (hydrolyse) an aliquot by pipetting 40 ml into a 50 ml graduated flask, 
adding 6.0 ml of 6.35 M ECl and immersing the flask up to its neck in a waterbath at 60 C 
for 15 minutes. Mix by a rotary movement during the first five minutes. Cool to 20 C and 
dilute to 50 ml. Mix and leave to stand at 20 C for one hour. Determine the optical 
rotation. The temperature must be between 18 and 22°C. If it is not exactly 20 °C use the 
correction factor 0.0037 (T-20) where T is the experimental temperature, adding if the 
temperature is above 20 C and subtracting if it is below. 
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METHOD VALIDATION 

Add 18.00 g of pur* sucrose to 100 g of liquid milk (or 110 g of liquid skimmed 
milk). This corresponds to 40 g of condensed milk containing 4556 sucrose. Calculate the 
sugar content using the weight of liquid milk and its protein and fat values to calculate 
the volume of precipitate, but using 40.00 g as the weight taken in the formula to 
calculate sucrose content. The result should be within 0.1$ of 

CALCULATION 

u Correction in ml for the volume of the precipitate formed during clarification , 

v - "Too ( 1 - o8p + 1 ' 55P) 

where W - weight of sample in g 
P - % fat in sample 

P - i<> protein (N z 6.38) in sample 

* D - 5/4 »l . V - v V 

* sucro«e " Q 1 * ~T" 1 IX 

where D « polarimeter reading before inversion 

1 - polarimeter reading after inversion 

V - volume in ml to which sample was diluted 
before filtration (200 ml) 

v - volume of precipitate as calculated above 

L - length in dm of polarimeter tube ( 2 dm) 

Q - the inversion divisor factor, which varies 

with wavelength of incident light, concentration 
and temperature. 

Por sodium light and angular degrees 

Q - 0.8825 + 0.0006 (C - 9) - 0.0033 (T - 20) 

Por mercury light and angular degrees 

Q - 1.0392 + 0.0007 (C - 9) - 0.0039 (T - 20) 

For white light and international sugar degrees 

Q - 2.549 * 0.0017 (C - 9) - 0.0095 ( T - 20) 

T - temperature of inverted solution when read 

C is the percentage of total sugars in the inverted solution as polarised, equal 
to 9.00 if exactly 40 g of condensed milk of normal composition is used. With this weight 
and the temperature at exactly 20°C f sodium light, angular degrees and a 2 dm tube, the 
formula simplifies to 

S - (D - ^-J^) (2.833 - 0.00612P - O.OO8788) 

The correction 0.0006 (C - 9) ie only accurate if C is close to 9, but the 
correction is small enough to be ignored with normal samples. Duplicates should agree with - 
in about 0.3$. 

Q x 100 - change in specific rotation of sucrose on inversion for the stated 
conditions . 
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- ISO 2911-1976 & IDP 35*1966, included in an EEC draft directive on preserved milk product a 

- Birch & Mwangelwa (1974) describe a coloriiMtric method. 

- Milk products Sub-Committee to the Standing Committee on Uniformity of Analytical 
Methods Analyst 1930 ^ 111 - 12 *' 

~ Murphy P. 3. Analyst i960 8j_ 720 
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EVAPORATED AND 
CONDENSED MILK 

TOTAL SOLIDS 

PRINCIPLE 

The sample is dried to constant weight at 100°C, under standard conditions. These 
conditions must be followed closely in order to obtain reproducible results. 

APPARATUS 



1. Flanged metal dish about 7»5 cm diameter and 2.5 cm deep with close fitting lid. 

2. Glass stirring rod with a flattened end, the other end bent to rest in the dish 
edge. 



3. Steam bath. 



REAGENTS 



1. Acid-washed sand, retained by an 85 mesh sieve but passing a 30 mesh one. 
PROCEDURE 

Place about 25 g of sand into a dish and dry to constant weight at 98-100°C. Dry a 
lid and stirring rod at the same time. Place the lid with the stirring rod on it, on the 
dish before removing it from the oven, cool in a desiccator and weigh after 45 minutes. 
Allow the Rand to slide to one side of the dish and add about 3 g of well-mixed unsweetened 
or 1.5 g of sweetened milk and weigh rapidly. Add 3 ml of water for unsweetened, ■> ml for 
sweetened milk, mix with the stirring rod, and then mix the diluted milk with the sane. 
Leave the stirring rod in the dish, hooking the end over the edge of the dish.Place the 
dish on a steam bath such that the flange is at the level of the steam-bath cover but the 
two metal surfaces should be separated by supporting the flange of the dish on a porcelain 
or rubber ring. Stir the sand-milk mixture at first to avoid caking and to keep the mass 
aerated. Once the acqueous phase has evaporated, lay the stirring-rod on the sand. Leave 
the dish on the steam-bath twenty minuteB in all, then transfer to an oven at 98-100 C, 
with the lid alongside. Leave in the oven hours, replace the lid, cool in a desBicator 
45 minutes and weigh. If possible cool each dish in a separate desiccator. Ensure that the 
desiccant is effective. Remove the lid and place both dish and lid in the oven for a 
further hour, cool and weigh as before. Repeat until successive weighings do not differ 
by more than 0.5 milligram. 



CALCULATION 

PATIdf 



This method is subject to errors similar to those mentioned under moisture 
determination in skimmed milk powder, due to the presence of lactose. It is for this 
reason that the method must be followed exactly in order to obtain reproducible results. 

Franzen (1974) recommends 4-6 analyses per sample for reliable results. 
REFER SICES 

- B.S. 1742: 1951. Methods for the Chemical Analysis of Condensed Milk. IDF 15:1961 The 
method is likely to be included in an EEC draft direction on preserved milk products. 

- Franzen. K. 1947.Mitt. GD-Ch Faohgr. Lebensmittelchemie und Gerichtliche Chemie 28 (4) 
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BLTTSR AND 
BUTTER. OIL 

Butter should first be examined for moisture, salt, curds and fat. Butter oil 
(ghee) and the fat from butter should be checked for identity, rancidity and added anti- 
oxidants. The residual moisture in butter oil may be determined by drying in the oven or 
by Karl Fischer titration. It may also be necessary to look for trace metals (especially 
copper, but also Pe, Mn, Cr, Ni, etc. promote rancidity), added colour and undesirable 
preservatives such as boric acid. 

For the means of checking the identity, and a more detailed examination if the 
identity is suspect, see the section on the detection of foreign fats in butterfat. There 
is very little information on the prevalence of the adulteration of butter, but a report 
from one country for the year 1970 showed that of 50 samples, 20 contained over 16* 
moisture, 10 contained less than 80* fat, 13 samples contained non-milk fat and two 
contained starch. 

The fat content of butter is usually over 80* but may be a little under in salted 
butters. It iB most conveniently determined by difference (100* less water, curds and salt). 
It can also be determined by direct ether or petroleum «ther extraction of the residue from 
the moisture determination, filtration and evaporation}^. Thie requires more careful 
manipulation to ensure that no fat is left in the filter nor drawn to the outside of the 
dish by capillarity, especially if diethyl ether is used. The moisture is usually about 
1 2—1 9j6 and some countries have an upper limit of 16*. The CAC recommends a minimum of 80* 
m/m fat, maxima of 2* milk solids other than railkfat and 16* water. 

The CAC standard at present recommends that the colours annatto, beta-carotene and 
curcumin be permitted if added according to good manufacturing practice, and the neutral- 
ising salts calcium hydroxide, and the carbonate, orthophosphate, bicarbonate and hydroxide 
of sodium may be added only for the purpose of pH adjustment up to a maximum, singly or in 
combination, of 2000 mg/kg expressed as anhydrous substances. 

The ash is about 0.1* in unsalted butter and the salt iB less than half of this, 
but may be 0.5 - 5* in salted butter. The amount of salt that may be added is limited by 
the solubility in the aqueous phase and cannot exceed 2-3* in countries that impose an 80* 
minimum fat content. If salt has been added, mention of this addition should be included 
in the name. ISO:1738: 1971 recommends a method for the determination of salt in butter. 

The value for free fatty acids (ISO 1740:1971) as oleic acid is normally 0.2-0.3* 
in the fresh product, and the peroxide value less than 10 milli-equivalents of oxygen per 
kilogram of fat. 0.5* and 20 meq/kg respectively may reasonably be taken as upper limits. 

Placing the fat on a rapid filter paper in a filter funnel and keeping at 

5 0_60°C 

yields a clear oil suitable for the determination of the RPK HAI and examination for 
antioxidants and other constituent s in the oily phase. Borax if present would be found in 
the aqueous phase. 

The CAC standard requires buttefoil to contain at least 99.3 m/m of butterfat and 
a maximum of 0.3* m/m of water. For th 3 anhydrous product the corresponding figures are 
99.8* and 0.1*. Buttercul for certain manufacturing purposes only (e.g. biscuit making), 
excluding use to prepare recombined milk or milk products, may contain propyl, octyl or 
dodecyl gallates * in combination with BHA or BHT up to a maximum of 200 mg/kg in combin- 
ation, but the gallates must not exceed 100 mg/kg. 

y AOAC 12th. Edition 1975 16.189 
* Temporarily endorsed. 
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Tests for filth, sediment and pesticide residues are given in the AOAC. The test 
for mould described in the 1970 edition involves use of the Howard cell. Details for the 
routine analysis of cutter, including pH of serum, titratable acidity, extraneous matter, 
copper and iron are <*iven in the Australian Standard AS 1939-1975 and in BS 769:1961 and 
BS 5086:1974 describes rapid methods. 

Timmen ft BIQthgen (1973) describe a photometric method for the determination of 
copper and iron in butterfat and lbschnik (197?) describes an atomic absorption method 
for copper . 

Hartman ft Pichamuthu discuss the difficulty of carrying out Baudouin'a test on 
butter samples if metanil yellow is present and Bolve this using paper chromatography. 

Detection of Foreifyi fats in Butterfat: 

1. General Considerations. 

At first, two of the following three tests should be carried out - the hydroxamic 
acid index, CLC of the volatile fatty acids and the Reichert-Polenske-Kirschner procedure. 
If the butter is genuine by these tests, that may be considered adequate for routine 
purposes, but the possibility of adulteration is not rigorously exclused and it is 
preferable to also carry out at least a test for phytosterols. 

If as a result of these tests the sample appears not to be butter, the third of the 
tests mentioned above may be run as a check. If the tests suggest the sample is butter in 
admixture with other fats, then a number of supplementary analyses are required to try to 
confirm the adulteration. Prominent among these are the tests for phytosterols which occur 
only in vegetable fats, iso-oleic acid -1/which occurs m fats that have been transester- 
ified, and for various higher fatty acids, together with the determination of classical 
values such as refractive index, saponification value, iodine value, and density to 
ascertain the source from which the oil is derived (Halpher., Boudouin, etc.) 

INTERPRET ATI ON OP REICHERT-POLENSKE-KIRSCHIIER VALUES 

The Reichert value of butter is generally over 24, probably always bo for butter 
produced in bulk from properly husbanded animals. Samples for which the value exceeds 28, 
with the Polenske in proportion, may be accepted as /genuine. A value below 28 justifies 
further teste, and below 24 raises the suspicion that the sample is adulterated. A very 
small proportion of samples, leas than 1^,may show values down to about 20 or even lower, 
but the Polenske ft Kirschner values will be in proportion for such samples. Bulking or 
production of course tends to mask some of the natural variation and conversely butter 
from a small number of animals, or ones fed abnormally may have a composition outside the 
usual range (of the problem of interpretation of the freezing-point of milk). For example, 
the Reichert value may be reduced by exposure of the animalB to cold, and is lower in the 
milkfat towards the end of the lactation period. Cows fed on beetroot leaves or turnips 
appear to give milkfat with an abnormally high Polenske value. Some values for Turkish 
butter are given by Hatipogen (1973). 

Butter clarifies quickly during the aaponif i cat ion sta«r of the Raichert process, 
margarine usually more slowly. The acidB from coconut oil distil as oily drops, those 
from palm oil as white flakes. 

The relation between the three values, Reichert, Polenske and Kirschner accord 
fairly closely with the following table: 



AOCS Cd 14-61 gives a method of test by infra-red spectrophotometry .See also Parodi ft 
Dunstan ( 1971 )• 
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Reichert Value Polenske Value Kirschner Value 

23.7 1.6 20.0 

24.1 1.7 20.3 
24.5 1.8 20.7 

25.0 1.9 21.1 

25.4 2.0 21.5 
25.9 2.1 21.9 

26.3 2.2 22.3 

26.8 2.3 22.7 

27.2 2.4 23.0 

27.7 2.5 23.4 

28.1 2.6 23.8 

28.5 2.7 24.2 

28.9 2.8 24.6 

29.4 2.9 25.0 

29.8 3.0 25.4 

30.3 3.1 25.8 
30.7 3.2 26.1 
31.1 3.3 26.5 

31.6 3.4 26.9 
32.0 3.5 27.3 



Read off from the table the Polenake value corresponding to the Reichert value 
obtained experimentally. If the Polenske value obtained experimentally iB more than 0.5 
above the value read from the table, the presence of coconut or palm kernel oil or their 
products may be assumed. Read off from the table the Polenske value corresponding to the 
Kirschner value obtained experimentally. The Polenske value obtained experimentally should 
not vary by more than 1.0 (either way) from that read from the table. The addition of less 
than Jf> of coconut oil causes the Polenske value to fall outnide this limit *. 

The tables taken from Richmond's Dairy Chemistry show how these values may vary in 
genuine butter. 



Table 10. 19 - Reichert-Polenske values 











Polenske 




No. of earn 




Reichert 








pies 


Average 


Maximum 


Minimum 


15 




22 


1.50 


1.7 


1.2 


22 




23 


1.60 


1.8 


1.4 


43 




24 


1.65 


2.0 


1.4 


56 




25 


1.70 


2.3 


1.4 


35 




26 


1.90 


2.4 


1.5 
1.6 


26 




27 


1.95 


2.9 


22 




28 


2.05 


3.1 


1.6 


15 




29 


2.20 


2.9 


1.8 


26 




30 


2.10 


2.9 


1.7 


30 




31 


2.25 


3.2 


1.6 



* K.A. Williams, Oils, Pats A Patty Poods p. 217, from which the table is taken. 
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Table 10.20 - Imported butter samples: correlation of Reichert and Polen B ke figures 



Reichert : 
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15 
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10 


15 
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35 


2.3 
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3 


3 


3 


7 


16 


11 
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40 


2.4 






3 


3 
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12 


9 


4 


1 
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1 
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1 


3 


6 


8 


7 
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It is important to carry out the determination a few times to ensure that consist- 
ent results are obtained before any deduction is made as to the likelihood of adulteration, 
particularly in the case of borderline values. The result must be confirmed by tests for 
phytosterols, iso-oleic acid, etc. 

Results on difficult samples must be interpreted with care. Addition of animal 
fats up to 10 or 20# may not lower the RPK values below the accepted minima. There is the 
possibility of addition of triaoetin or tributyrin to increase the Reichert value and 
only extensive analysis would reveal that there was a discrepancy in the pattern of 
results. GLC of the intact triglycerides has been used (Breckenridge ft Kuksis , 1967) 
(Parodi, 1972). Reichert* Kirschner values of cultured butters with an artificially induced 
high acidity are lower than normal. 

Interpretation of Other Classical Values 

The refractive index, specific gravity, titre, saponification value, iodine value, 
Valenta, and the Crismer and CTD tests all indicate adulteration if found to be outside 
the normal range for butter oil but the values for many other fats and fat mixtures also 
lie within this range, thus severely restricting the usefulness of these tests. The CTD 
test, favoured by Hart ft Fisher, developed out of the Valenta ft Crismer tests and may be 
found in the AC-AC (10th edition, 1965). The methodology for the other tests is given in 
the section on oils and fats. Typical values for butter are as follows: 
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Max 


H in 


Mean 


— ■ 

Specific gravity at ^'go^ 


9-913 


9.910 


9.912 


Refractive index at 40°C 


1.4580 


1 .4522 


1.4588 


- Zeiss butyro scale 


45.5 


40.0 


43.5 


Saponification value 


243 


209 


228.5 


Iodine value 


50 


26 


36 


Mean molecular weight of 
fatty acids 


267 


258 


260 


titre 


variable, 


usually 32-38°C 





The refractive index used to be of value, but this is no longer true as many 
margarines have values in the same range. The various colour tests for particular oils 
given in the section on oils and fats may also be applied to butter and of course if 
positive indicate adulteration. The only proviso is that Halphen's test for cottonseed oil, 
and also the Villavecchia-Fabris test for sesame seed oil may be slightly positive for 
genuine butter samples if the animals have been feeding on these products. The feeding of 
unsaturated fats in micro-encapsulated form to cows facilitates the manufacture of a more 
spreadable butter with lower RPK, HAI and butyric acid values. 

Interpretation of GLC Results 

Some papers relate GLC to RPK values. For example, Larue lie et al (1976), 
Huyghebaert A Hendrickx (1970a), (1970b) and (1971), Garcia-Olmedo et al ( 1 97 1 ) . 

The GLC procedure of Phillips * Sanders (1968) has recently been subjected to 
oollaborative study. As the authors explain, it has certain advantages over the RPK and 
HAI procedures, and can detect down to about 256 of butterfat in other fats. It can also be 
used, like the other two tests, as a first step in assessing the genuineness of a sample 
of butter. Samples of bulk butter generally contain 3.2 - 4.0$ of butyric aoid which is 

very rarely outside the range 3.0 - 4.5#t while lard, tallow, copra and palm oil all 
contain less than 0.045&. 

A column of PFAP at 135°C may be used instead of the carbowax/terephthalic acid 
suggested by Phillips & Sanders. The proportion of butter in mixtures may be calculated 
on the minimum found naturally (3#) and the sample reported as containing not more than 
the percentage calculated in this way. 

For interpretation of GLC data, the reader should consult the excellent review by 
Diokes & Nicholas (1972) from whioh much of the following information is taken. The 
review by Jensen et al (1967) and the review by Kuzdal-Savoie, Langlois * Trehin (1975), 
the papers by de Man (1967) and Parodi (1973) are also important. 

A number of ratios of one group of fatty acids to another is given in the follow- 
ing table, compiled from Dickes A Nicholas's data: 
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Ratios of fatty acids 





C 14 ;C 12 °18 unsat 




sat. 




Butterfat 
Margarine 



1.8 



1 .0-1 .6« 
8-8.5 
7.9-8.2 
13.5-17.1 



3.2-6.0 



2.4-3 



Coconut oil 
palm oil 



In the GLC examination, the eBterif ication stage is critical and this has been 
examined by a number of workers, including Shehata et al (1970), Hulstkamp ft Starapbach 
(1970), Tandon ft Canguli (1972), Schwartz ft Bright (1974). 

The presence of added tributyrin would have to be assessed from the chromatography 
of the glyceridea themselves, without prior saponification. Kuksis A McCarthy ( 1964) point 
out that addition of a judicious mixture of lard and palm or coconut oil could result in 
gas chromatographic results similar to those from butter, but of course such a sample 
should give a positive phytosterol test. 

Separation of triglycerides by argent at lon-TLC prior to GLC has been used by 
Shehata et al ( 1 97 3 ) - They later used a preliminary separation on silicic acid columns. 
Chakrabarty, Bhattacharyya 4 Gay en (1969) claim to detect 1056 of other fats in butter fat 
by TLC. Sebastian ft Rao (1974) have also investigated TLC methods for detecting adulter- 
ation in butterfat. 

Indicators are sometimes required to be put in butter not intended for human 
consumption and these have been discussed by Ouyot in a series of papers (l971a,b,c 1972). 

Use of Combined ClaBBical ft Instrumental Techniques 

Parodi (1971) found that examination of the ratios of fatty acids as determined by 
GLC was only partially successful in identifying adulterated butterfat samples. This work 
has been developed to some extent (Braat hen, 1974). However, Parodi (1972) found that a 
combination of fatty acid analysis, sterol analysis, triglyceride distribution patterns, 
softening point values and IR measurement of trans unBaturation was adequate to distinguish 
abnormal and those modified by fractionation from adulterated samples. Hendrick ft 
Huyghebaert (1971) discuss the examination of the sterols by GLC, TLC and IR.the fatty acids 
by GLC and the determination of the monoglyceride content for the characterisation of 
mixtures prepared from animal fats, vegetable oils and synthetic triglycerides including 
tributyrin such that the RPK and saponification values were similar to genuine butter. 
See also Hendrickx ft Huyghebaert (1970), Kuzdal-Savoie (1969), Parodi ( 1972 and 1973), 
Hrivnak et al (1973), Iverson (1974). 

Reichert-PolenBke-Kirschner Values for Fats ot'-ier than Cow's Milkfat 

Values for the fat from the milk of other animals are not as well established as 
those for cow'b milk. The valueo reported by various workers fall within the ranges given 
in the following table: 



• This could be altered to 3.6 by feeding copra cake to the cows, but that is very 
unlikely to be met with in regulatory BampleB, and iB still well below the values 
for other fats. In general, though, it should be borne in mind that the ratios may be 
affected by the feed if the samples are not from a bulk lot. 
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P 



Goat 17 - 29 1.9 - 9.8 15.6* 



about 14 

Buffalo 24-37 1.5-1.8 

22.8-23.4 1.5-2.1 17.6 a 
6.2 a 5.9 a 2.6 a 

Typical analyses for some other oils are as follows: 

R P K 

Palm Kernel 5.2 - 6.5 9.7 - 10.7 0.8 - 1.2 

Coconut 6.5 - 8 15 - 17 1.6-1.9 

Babassu 6.1 b 11. 4 b 

8.4 b 15-9 b 1.6* 

Margosa or Neem oil 8.3 0.25 5«0 

(Azadirachta indica) 

Shea nut oil, shea 2.6 b 0.7* 
butter 

Macassar oil, 
Schleichera trijiga, 

"kusum" or "paka" 17.0 0.3 15. 5 

(Lata for these two tables taken largely from Williams (loc.cit.)) 

Other oils and fats may generally be assumed to give negligible values. 

To distinguish cow butteroil from buffalo butteroil, Latif A Mazloumu (1969) used 
fractional crystallisation from acetone and determination of the Reichert, PolenBke and 
Kirschner values on th« fractions. 



Small quantities of Butter in Margarine 

For formulae to calculate small quantities of butter in mar/marine, see the following: 

Elsdon and Smith, Analyst 1925, .5J> 53, 1927, ^2 317 

Bolton, Richmond ft Revis, Analyst 1912, 3£ 183 

Williams, Analyst 1949, ]£ 508 

Qilmour, Analyst 1929, 4Ji 2 
and particularly Richmond's "Dairy Chemistry" and Williams' "Oils, Pats and Patty Poods". 



Qhee should be analysed for water, antioxidants and rancidity. The detection of 
adulteration is carried out in the same way as for butter, but it must be remembered that 
ghee is often derived from buffalo milk, which normally has a somewhat higher Reichert 
value. IBP 23: 1964 describes a Karl Fischer method for the determination of water in 
butteroil. 



a. Single vali 

b. Typical values 
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MOISTURE IN BUTTER 

PRINCIPLE 

The weighed sample is dried to constant weight at 100°C. 
APPARATUS 

1. Metal dish, flat-bottomed, about 7.5 cm diameter, 2.5 cm deep, preferably with 

a lip. 

2. Oven at 10O°C. 

3. Analytical balance reading to 0.1 mg. 
PROCEDURE 

Keep the sample at 32 - 35°C in an airtight container and shake vigorously until a 
homogeneous lump-free emulsion is obtained. 

It is convenient to put i; the dish a glass rod with a flattened end and long 
enough bo that the other end can reBt on the rim. Dry in the oven, cool at least half 
an hour in the desiccator and weigh. Add 3 - 4 g of butter to the dish and rapidly and 
accurately weigh. Stir in a little -alcohol to facilitate evaporation, leave the dish on a 
boiling water bath, stirring occationally, until no water is visible on the bottom of the 
dish. Wipe the outside of the dish and transfer to the oven. Dry to constant weight (less 
than 2 mg difference successive weighings*) 

CALCULATION 

< * Weight lost in oven 

* nolBture ■ Weight of sample x 100 

REFE3UHCES 

- Hunter, KiBch 4 Hammond (1973) 

- Glass & Reider ( 1971 ) describe a titration method 

- B.S. 759:1961 

- AOAC (12th Edition) 1975 16.157 

- IDF 10:1960 
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REI CHERT 
POLENSKE 
KIRSCHNER 
VALUES 0? BUTTER 



PRINCIPLE 



Butter is distinguished from other fats by the presence of the glyceryl esters of 
relatively low molecular weight fatty acids, especially butyric but also caproic, capric, 
caprylio, lauric and myristic. These acids are wholly or partially steam-volatile and 
water-soluble. 

The fat is saponified with sodium hydroxide, the melt acidified and distilled 
under standard conditions. The distillate is filtered and the soluble acids titrated 
(Re 1 chert value). The insoluble acids are dissolved in alcohol and titrated (Polenske 
value). The titrated soluble acids are treated with silver sulphate and the filtrate is 
acidified and re-distilled and the distillate titrated (Kirschner value). The Reichert 
value reflects the amount of butyric and caproic acid present, the Kirschner butyric alone 
and the Polenske chiefly caprylic, capric and lauric with some contribution from myristic 
and even palmitic acids. 

The procedure should be carried out without a sample in order to obtain a blank 
value, which is usually about 0.5 ml. 

APPARATUS 



1. Distillation apparatus. See diagram. 



REAGENTS 



1. Sodium hydroxide solution, 50$, m/m 

2. Glycerol. 



Mix soda solution + glycerol in the 
proportion 1 + 9 



3. Dilute sulphuric acid, 25 ml per litre, and adjust so that 40 ml exactly 
neutralise 2 ml of the sodium hydroxide solution. 

4. Pumice powder or anti-bumping granules. 

5. Phenolphthalein solution, 0.5$ in denatured ethanol. 

6. Barium hydroxide approx. 0.05 M, accurately standardised. Shake 20 g of the 
ortahydrate with a lit r « ° f water until the crystals dissolve and leave a couple of days 

for the barium carbonate to settle out. Store in a bottle with a guard-tube containing 
powdered soda-lime to prevent ingress of carbon dioxide. Standardise the solution against 
0.1 M hydrochloric acid or potassium hydrogen phthalate. (NaOH may be used instead of 
barium hydroxide if the Kirschner value is not going to be determined). 



7. Silver sulphate, finely powdered. 
PROCEDURE 

Weigh 5 g (±0.01) of the oil (obtained by melting the butter and filtering) into 



Copyrighted material 



-69- 



the distilling flask, and add 20 ml of the glycerol caustic mixture. The weighing may be 
done by attaching the flask to the pan hook of an analytical balance by a piece of wire 
and carefully adding the sample until the tare + 5 R is attained. Saponify by gently 
heating over a small flame with constant swirling, until the liquid no longer foams and 
becomes clear. Allow the flask to cool to about 90 C, add 90 ml of recently boiled 
distilled water of about the same temperature and mix. The liquid should remain clear. Add 
0.6 to 0.7 g of the pumice and then 50 ml sulphuric acid solution (0.5 m). 



IPETERMINATION OF REICHERT AND POLENSKE VALUES 
DISTILLATION APPARATUS dimensions in mm 




Connect the flask immediately to the distillation apparatus and warm it gently 
until the free fatty acids form a clear surface layer. 

Start heating and reflate the flame so as to collect in the measuring flask 110 
ml of distillate in 19-21 minutes, taking the moment when the first drop forme in the 
condenrer as the beginning of the distillation period. Reflate the water flowing in the 
condenser so as to maintain the temperature of the water leaving the condenser at 
20 + 1°C. 

If the temperature of the cooling water exceeds 20°C as in tropical and subtropical 
areas, and if no special arrangements can be made, the measuring flask should stay in the 
water-bath at 20 + 1 C for about 1 hour. When exactly 110 ml of distillate have been 
collected, remove~the burner immediately and substitute a small beaker for the measuring 
flask. 

Mix the contents of the measuring flask by gently shaking and immerse the flask in 
a water-bath at 20 + 1 G for 10 to 15 minutes, the 110 ml mark on the flask being 1 cm 
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below the level of the water in the waterbath and the flask being turned from time to time. 

Stopper the flask and mix by inverting it 4 to 5 times without shaking. 

Filter the 110 ml of distillate through a dr/ medium speed filter paper (diameter 
80 - 90 nm) which fits snugly into the funnel. The filtrate should be clear. 

The filter should be of such a size that 15 ml poured into it will fill it 
completely. 

Pipette 100 ml of the filtrate into a conical flask of 300 ml, add 0.5 ml of pheno- 
lphthalein indicator solution and titrate with the standardized aqueous alkali solution to 
a pink colour persistent for ^ to 1 minute. Calculate the Peichert value according to the 
formula below. Retain the neutralized filtrate for the determination of the Kirschner 
value. 

Conduct a blank test without fat and instead of saponifying over a naked flame, 
heat on a boiling water bath for 15 minutes. 

Hot more than 0.5 ml of the standardized alkali solution should be required for the 
titration of the blank. If the volume exceeds this, prepare fresh reagent solutions. 

Determination of Insoluble Volatile Patty Acid Value (Polenske value) 

Rinse the filler with three successive 15 ml portions of distilled water at a 
temperature of 20 + 1 C, each having previously passed through the condenser, the small 
beaker and the measuring flask. 

Place the funnel and filter in the neck of a dry clean conical flaBk of 200 ml 
capacity. 

Dissolve the insoluble fatty acids by repeating the washing procedure but using 
15 ml portions of ethanol (95-96#i previously neutralised). 

Titrate the combined ethanolic washings with the standardized aqueous alkali 
solution using 0.5 ml of phenolphthalein indicator solution, to a pink colour persistent 
for £ to 1 minute. 

Determination of Volatile Fatty Acids with Soluble Silver Salts (Kirschner Value) 

Add 0.5 g of finely powdered silver sulphate to the neutralized solution from the 
Reichert determination. Leave the flask in the dark one hour with occasional shaking and 
filter the contents through a dry filter, in the dark. Transfer 100 ml of the filtrate to 
a dry Polenske flask, add 35 ml of cold recently-boiled distilled water, 10 ml of the 
dilute sulphuric acid solution and a little pumice powder or about 30 cm of aluminium wire 
about 1 mm thick wound into a coil about 5 nm across. Connect the flask to the standard 
distillation apparatus and distil as for a Reichert determination. Mix and filter, 
omitting immersion in a waterbath at 20 C. Titrate 100 mlof the filtrate with 0.05 M barium 
hydroxide solution. 

CALCULATION 

Soluble volatile fatty acid value (Reichert value): 

Reichert value - 1.1 x ml of 0.05 M barium hydroxide required for neutralization. 
The alkali will not normally be exactly 0.05 M, so the titre must be multiplied by a 
suitable factor after deduction of the blank titre. 
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Report the result rounded to the first decimal place. 
Insoluble volatile fatty acid value (Polenske value): 

Poleneke Value - ml of 0.05 M barium hydroxide required to neutralise the alcohol- 
soluble acids. 

Volatile fatty acids with soluble silver salts (Kirschner value): 

Vi v 1 titre x 1.21 x (100 + C) 
Kirschner value }q^00 1 L 

where C is number of ml of 0.05 M barium hydroxide required in the Heichert 
titration. 

REPEATABILITY OP RESULTS 

The difference between results of duplicate determinations (results obtained simul- 
taneously or in rapid succession by the same analyst) should not exceed 0.5 for the 
Reichert & Kirschner values and 0.3 for the PolenBke value. 

The results vary slightly with atmospheric pressure. The following formula may be 
applied to results obtained at an elevated altitude: 

Corrected P.V. - P.V. 0*°_~ffl 

INTERPRET ATI ON 

See "Detection of Foreign Pats in Butterfat". 
REFERENCES 

- IDF 37:1966. 

- B.S. 769:1961. 

- SPA Analyst 1936 61 404-406. 

- AOCS Vol. 1 Cd 5-40. 

- Oarcia-Olmedo, R.; Hellin, L.C., Anales de Bromatologia (1) 41-59 ( 1 971 ) . 

- IUPAC II.D.9 (IUPAC method II.D.10 describes the determination of fatty acids with 
soluble magnesium and insoluble silver salts in order to calculate the proportions of 
butter, coconut and palm kernel oils in mixtures). 
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REI CHERT 
POLEHSKE 
KIRSCHNEE 
VALUES OP BUTTER 
SEMI-HICRO METHOD 

PRINCIPLE 

As for macro-method. 
APPARATUS 

1. Die-tillation apparatus. See diagram. 

REAGENTS 

As for macro-method, except for item 6, barium hydroxide, approx. 0.01M accurately 
standardised. Standardise and store as for 0.05 M. 

PROCEDURE ♦ 

Weigh exactly 1 g of the oil into the distilling flask, add 0.5 ml sodium hydroxide 
solution and 3.5 ml glycerol. Saponify by gentle heating over a micro—burner or small 
flame with constant swirling. Do not heat after saponification is complete, this being 
shown by the sudden change of the mixture to a clear single-phase liquid. It may require a 
little practice before this point is easily detected. If there is any sign of charring, 
reject and repeat with a fresh sample. Cover with a small watchglass. As soon as the melt 
is cool enough for water to be added without loss, add 19 ml of recently boiled hot water, 
initially drop by drop. Once the soap is dissolved, add 10 ml of dilute sulphuric acid and 
about 0.05 g powdered pumice. 

Connect the flask to the distillation apparatus and heat gently to melt the fatty 
acidB. Then heat strongly, adjusting the distillation rate to collect 21 ml of distillate 
in 5 to 7 minutes. Remove the burner and immediately substitute a small beaker for the 2] ml 
flask. 

Stopper the flask, mix cjently and stand in water at 15 C for 10 minutes. Filter 
through a small filter paper (e.g. 4.25 cm Whatman No. 4 or equivalent) and titrate 20 ml 
of the filtrate with 0.01 M barium hydroxide usin» phenolphthaleinas indicator. Retain the 
neutralised filtrate. 

Reichert value - 1.1 x (t ltre-blank) 

Poler.ake value: 

Remove the splash-head of the distillation apparatus, and pass down the condenser 
3 ml of cold water, using it to rinse the beaker, the 21 ml flask and the filter paper in 
turn and finally rejecting the filtrate. Repeat with a further 3 ml of water. 

Pass 3 ml of neutral ethanol down the condenser, using it to rinse the beaker, the 
21 ml flask and the filter-paper, collecting the filtrate in a small conical flask. Repeat 
with two further portions of 3 ml of neutral ethanol so as to collect all of the water- 
insoluble but alcohol-soluble acids in the conical flask. Titrate the alcohol solution 
with 0.01 M bariuTi hydroxide usin* pher.olphthalein as indicator. 

Polenske value - titre - blank 



* A blank procedure should be carried out and the values obtained subtracted from the 
titres before performing the calculation. 
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■Distillation apparatus for semi-micro deten- 
mination of Roi chert Polenske Kirschner values 
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To the neutral filtrate from the Reichert value, add 0.1 g of finely-powdered 
silver sulphate, and leave for one hour in the dark, shaking occasionally. Filter into a 
dry flask, Pipette 20 ml into a Reichert distillation flaBk, add 7 ml distilled water, 2 ml 
of dilute sulphurio acid and a little powdered pumice or short lengths of fine aluminium 
wire to reduce bumping. Distil 21 ml in 5 to 7 minutes, cool, mix and filter (4.25 cm 
Whatman no. 4 or equivalent ) and titrate 20 ml of the filtrate with 0.01 M barium 
hydroxide using phenolphthalein as indicator. 

_. . , titre x 1.21 x (20 » C) 
Kirschner value - tt ' ■ ' 

20 

where C is the no. of ml of 0.01 M barium hydroxide required for the Reichert value. 
CALCULATION 

The barium hydroxide solution will not usually be exactly 0.01 M so that the titre 
obtained must be multiplied by the appropriate factor before being used to calculate the 
above values. 

INTERPRET ATI OF 

The test is intended for the examination of samples such as bread and butter, cream 
buns and items of flour, chocolate and sugar confectionery claiming to contain butter or 
milk derivatives, from which it may be difficult to obtain as much as 5 g of fat. The 
results, together with the HAI, are normally adequate to characterize the fat as butter or 
not. The interpretation given in the section on the detection of foreign fats in butterfat 
should be applied^ with a certain amount of caution as both methods are empirical. The 
original authors -/olaim that the Reichert values agree with those by the macro-method, 
Polenske valueB are slightly lower by the semi-micro method, but the difference is 
negligible except for samples containing a large proportion of coconut fat, and Kirschner 
values are somewhat higher by the semi-micro method. It is thus preferable always to use 
the macro-method if enough fat is available. There is no difficulty in interpretation if 
the only queBtior is whether or not the sample is butter. 



1/ 

Dyer, B. Taylor and Hamence, J.H., Analyst 1941, 66 355- 
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HYIROXAMIC 
ACID DTDEX 

PRINCIPLE 

Patty acid eaters form hydroxamates and these give a red colour with ferric 
chloride. The hydroxamates of the lower fatty acid esters such as those of the butyrates 
found in butter fat are much more soluble in water than the hydroxamates of the higher fatty 
acids found in other oils and fats. The conditions of the test are arranged so that for 
pure butter the solution containing the water-soluble hydroxamates should have about the 
same colour intensity as that containing an aliquot from all the hydroxamates. 

APPARATUS 

1 . Graduated cylinders, 25 ml and 50 ml capacity, or glass tubes having graduations 
at 25 ml and 50 ml. Glassware commonly used in blood and urine analysis is suitable. 

2. Photoelectric colorimeter, with 525 nm filter and absorption cells, or spectro- 
photometer. 

3. Volumetric pipettes 20 ml, 10 ml, 1 ml, and 0.5 ml capacity. 

REAGENTS 

1. Hydroxy lamine hydrochloride solutions. Mix equal weights of hydroxylamine 
hydrochloride and water. Warm with stirring or swirling on a steam bath until salt is 
dissolved. Cool to room temperature. This reagent must be prepared with care. Use only the 
minimum amount of heat necessary to dissolve the salt. Prepare fresh daily. 

2. Alcoholic potassium hydroxide solution. Add 6.25 g KOH pellets to 100 ml lsopro- 
panol. Swirl the mixture over a steam bath to dissolve the KOH. Cool to room temperature. 
This solution can be stored in a ground glass stoppered bottle in a refrigerator for 
several days, but should be discarded after it has become yellow. If a stored solution is 
used, warm it to room temperature ( 25 - 30 ) before using in test. 

3. Isopropanol-watsr-acetone solution. Mix equal volumes of isopropanol and water. 
Add 1$ by volume acetone to the mixture. 

4. Acetic acid-chloroform solution. Dilute 6 ml glacial acetic acid to one litre 
with chloroform. 

5. Iron solutions. (1) Dissolve 0.90 g anhydrous feme chloride in 5 ml 
concentrated HCi by warming over a steam bath. Dilute to 100 ml with water and filter 
through a paper (Ho. 1 Whatman or equivalent). Store in a refrigerator. (This reagent can 
be stored successfully for two months under refrigeration). Alternatively, dilute 1.6 ml 

of 605f solution with 5 ml HCI and dilute to 100 ml with water. (2) Dilute a portion of iron 
solution Ho. 1 with equal volume of 2.25$ HCI, made by diluting 5 ml concentrated HCI to 
100 ml with water. Dilute as needed. 

PROCEDURE 

Pat may be isolated from a product by churning and filtering procedures, or by 
ether extraction. 

Place approximately 0.1 g " melted fat in a 50 ml tube or cylinder, and add 0.50 ml 
hydroxylamine hydrochloride solution. While the fat is still melted, add 5 ml alooholio- 



As the result is a ratio the exact weight is not critical. 
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KCB solution, mixing during addition. Place the tube in a 30°C water bath for 30 minutes. 

At the end of the 30 minute reaction period remove the tube from the bath and 
dilute the contents to 50 ml with acetio acid-chloroform solution. Shake this mixture 
vigorously by placing the palm of the hand over the end of the tubs and making ten up and 
down Btrokes m 5 seconds. After shaking, the contents of the tube will appear turbid, 
because of finely dispersed inorganic salt. Clarify the solution by inserting a ball of 
glass wool the diameter of the tube into the latter at the level of liquid and slowly 
pushing it to the bottom of the tube with a 1 ml pipette, while holding the index finger 
ever the upper end of the pipette. Using this same 1 ml pipette transfer two 1 ml aliquots 
of the clarified solution to two 50 ml tubes (1 ml to each tube). Dilute eaoh 1 ml aliquot 
to within a few ml of the 50 nl graduation with isopropanol-water-acetone solution. Put 
these tubes aside temporarily until the extract of the water-acetone soluble hydroxamic 
acids is prepared. 

Transfer a 10 ml aliquot of the acidified reaction solution, from which the two 1 
ml aliquots have already been removed, to a 50 ml tube. To this 10 ml add 20 ml acetic acid 
chloroform solution and 20 ml distilled water, each from volumetric pipettes or burettes. 
Shake the tube vigorously 30 times in up and down strokes, in ten seconds, using the palm 
of the hand to stopper the tube. Set the tube aside to allow the aqueous layer to separate 
from the heavy organic layer. Tap the tube gently to shake down the droplet of chloroform 
clinging to the air meniscus of the aqueous layer. With a volumetric pipette transfer 10 ml 
of the clear aqueous upper layer to a 25 ml tube and dilute to within a few ml of the 25 ml 
graduation with isopropanol. 

With a volumetric pipette, add 0.50 ml iron solution Ho. 1 to each of the two 50 ml 
tubes containing the 1 ml aliquots previously diluted to nearly 50 ml. Dilute to 50 ml with 
isopropanol-water-aoetone solution. Add 0.50 ml iron solution Ho. 2 to the 25 ml tube 
containing the previously diluted 10 ml aqueous extract and dilute to 25 nl with isoprop- 
anol. Mix the contents of each of the three tubes by slowly inverting each tube three 
times, usinc? the palm of the hand to stopper the tubes. Each of the three tubes should now 
exhibit about the same intensity of red colour if the sample being analysed is pure milk 
fat. Adulterated milk fat or non-milk fats will yield an aqueous extract tube which is 
much lighter in colour than the two 50 ml tubes representing the total hydroxamic acids 
from the fat and if no milk fat is present in the sample the aqueous tube will exhibit no 
red colour. Plaoe the coloured solutions in appropriate absorption cells and measure their 
absorbancee in a photo-electric colorimeter, using a nm filter with distilled water as 
blank. (The iron solution should have been added to each of the tubes at about the same 
time, and the colorimeter readings should be made not more than 15 minutes apart.) Using 
the colorimeter readings, taken from the absorbance scale and not from the per cent 
tranemittanoe scale of the instrument, calculate the Hydroxamic Acid Index. 

_ . . _ . 100 x colorimeter reading of water extractable acids 

Hydroxamio Aci index - 1Q x avera/?w of two co i or i me ter readings of total acide 



Example: HAI - 100 * 0 ' 2 ? 6 -10.7 

10 x ( 0-27? + 0.2 77 ) 



The HAI is roughly equivalent to the molecular percentage of water-soluble fatty 
acids in the fat. 

The hydroxamic acid index is normally in the range 9 - 12. If the butter is 
diluted with other fate the index is lower and in the absence of butter the value is below 
2 or 3. According to Phillips 4 Sanders (1968) the test is not reliable if the proportion 
of butter present in the fat is below about 2V$>. 



- Bessette, R. k Keeney, M., JAOAC 3£ (2) 469^74 . 1956 



Copyrighted material 



- 77 



VEGETABLE PAT IS 
MILKPAT, GLC METHOD 

PRHCIPLE 

Stero} /digitonidee prepared as given in the TLC method are dissolved in a mixture 
of formaaide — ' and dimethylf ormamide. The liberated sterols are extracted with pent an e 
and separated by gas-liquid chromatography. If, on the chromatogram, a peak with the 
retention time of f>- sitosterol is obtained, the presence of vegetable fat in the fat 
sample under investigation is demonstrated. Peaks of other phytoeterols may support this 
conclusion. 

APPARATUS 

1. Gas chromatograph, fitted with hydrogen flame ionization detector, silver or 
glass injection system, or direct-on-column injeotion device, and recorder. 

2. Gas chromatographic column, /-lass or stainless steel, U-shaped or ooiled, length 
100-200 cm, inside diameter 3-4 mm. 

NOTE} Since some types of stainless steels cause false results by deterioration of 
sterols, glass is recommended. 

3. Micro-syringe, capable of delivering a volume of up to 5 or 10 ul. 

REAGENTS 

1. Mixture of equal volumes of formamide -^and dimethyl formamide. 

2. n-Pentane. 

Column packing; 2~6$ loading of a methyl silicone gum rubber, stable up to at least 
300 C, on a f lux-calcined diatoraaceous earth acid washed and silanised, mesh sise 80/l00 
or 100/120. 

4. Sensitivity test solution; 1 mg cholesterol in 1 ml n-pentane, freshly 
prepared from milk fat as described (q.v.) 

5. Peak resolution test solution; 0.9 mg rape seed oil phytoeterols and 0.1 mg 
cholesterol in 1 ml n-pentane, freshly prepared as described (q.v.) 

6. Reference test solution; 1 mg soyabean oil phytoeterols in 1 ml n-pentane, 
freshly prepared as described (q.v.) 

PROCEDURE 

Dissolve about 10 mg sterol digitonide, prepared as described in the TLC method 
for detection of phytosterols, in 0.5 ml of a mixture of equal volumes of formamide and 
dimethyl formamide in a small test tube, if necessary with gentle heating. Shake the 
solution, when cool, with 2.5 ml n-pentane. Let the layers separate and use the clear 
upper pentane layer, containing the liberated sterols, for gas chromatographic analysis. 

Gas-liquid Chromatographic conditions; 

Column temperature: 220-250°C. 



Formamide is teratogenic and should not be used by, or in the presence of, women of 
ehild-bearing age. 



Copyrighted material 



78 - 



Temperature of injection system, if it can be separately heated: 20-40 C above 
column temperature. Hitrogen flow rate: 30-60 ml/min. Disconnect detector and equilibrate 
new columns under these conditions for 16-24 hours. Connect detector, ignite flame and 
regulate hydrogen and oxygen or air flow rates so as to obtain appropriate flame height 
and detector sensitivity. Start the recorder at a suitable chart speed, adjust aero setting 
and attenuator. If the base line is steady the apparatus is ready for use. 



Sensitivity test: 



Injeot 3-5 Jil of the sensitivity test solution. Only one peak of cholesterol will 
appear on the gas chromatogram (figure 1). Adjust attenuator bo as to obtain approximately 
full scale deflection on the recorder. 



Peak resolution test: 



Inject 3-5 J*l of the peak resolution test solution. Peaks of cholesterol, brassic- 
asterol, campesterol and ^-sitosterol will appear on the chroroatograra (figure 2). Measure 
the retention distanoes (distance from sample injection to maximum peak height) of the 
peaks, d™ for cholesterol, d_for brassicasterol, dj, for campesterol and d for 

^-sitosterol and the peak base widths (retention dimension between intersections of base 
line with tangents to the points of inflection on the front and rear sides of the peak) 
w_ D for cholesterol and w_ for brassicasterol. Then the peak resolution: 
CH 2 (d_ - d-A 

PR - 2 / ehall be at least t. 

B CH 

Calculate the relative retention times (cholesterol - 1,00) for hrassicaBterol, 
campesterol and ^-sitosterol. 

Reference test: 



Inject 3-5 jal of the reference test solution. Peaks of campesterol, stigmasterol 
and ^-sitosterol will appear on the chromatogram (figure 3). Measure the retention 
distances of the peaks, d^, for campeeterol, d^ for stigmasterol, and d g for ^-sitosterol. 

Cholesterol 1.00 (about 15 minutes) 

Brassicasterol 1.13-1.15 

Campesterol 1.32 - 1.34 

Stigmasterol 1.44 - 1.46 

£ -sitosterol 1.66 - 1.68 

Analysis : 

Inject 3 - 5 Jil ot the sample solution and switch the attenuator to a four times 
(usually two steps) lower attenuation factor. Record the chromatogram. If on the 
chromatogram a peak with the relative retention time of ^-sitosterol and a height of at 
least 2jf of full soale is observed, the presence of < j r -sitosterol is indicated and the 
fat sample under investigation from which the sterols have been isolated, is considered to 
contain vegetable fat. The presence, on the gas chromatogram, of peaks of other phytosterols 
such as campesterol or stigmasterol mar support the conclusion. 

SENSITIVITY 

The presence of at least 0.5^ ^-sitosterol in sterol mixtures can be demonstrated 
by this method. The limit of detection of vegetable fat in milk fat cannot be given sines 
this depends on the jj-eitoeterol content of the fat used for admixture, i.e. upon the 
nature of the fat or mixture of fats added to the milk fats. 
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NOTn: Very small amounts of B-sitosterol may be found in genuine butter, derived from 
vegetable oil used as a diluent f*>T add«d colour. 




FIG1IRL I 



- IDP 32:1965 

- IDF 54: 1970 

- IUPAC II.D.6. 

Papers on sterols in butterfat include: 

- Dusdal-Savoie, S. 4 Kuzdal, W. Technique Laitiere (1969) (650) 33, 35, 37; (1970) (653) 
11, 13-15 * (654) 13-14. 

- Huyghebaert, A. ft Hendrickx, H. (1968) Kedelelingen van de Ri jksfaculteit 
Landbouwwetenschappen te Oent (2) 523-33* 

- Huyghebaert, A. & Hendrickx, H. (1968) Medelelingen van de Ri jksfaculteit 
Landbouwwetenachappen te Oent (2) 449-65* 

- Hendrickx, H. 4 Huyghebaert, A. (1968) Medelelingen van de Ri jkafaculteit 
Landbouwvetenschappen te Oent (2) 331-46. 

- Rooe, J.B. et al (1969) Netherlands Milk and Dairy Journal (2) p. 89-98. 

- Lacroiz, D.E. (1970), Journal of the Association of Official Analytical Chemists (3) 

535-38. 

- Ouyot, A. 4 Sadini, V. (1974), Rivista Italiana delle Sostenze Granse (4) 123-128 

- Ouyot, A. 4 Sadini, V. (1974) XI* International Dairy Congress. 
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PIGURK II 



FIGURE III 



VEGETABLE PAT IN MILKPAT 
TLC OP STERYL ACETATES 



PRINCIPLE 

Sterols are precipitated as th-ir digit- 
onides from the saponified fat. Th sterol 
acetates are prepared, separated by reversw- 
phase TLC, and visualised by phosphomolybdio 
acid. The presonce of phytosteryl acetates 
indicates that the sample contains vegetable 
fat. 

APPARATUS 

1. Micro-filter, such as glass "nail" 
filter, or that shown in the diagram at th 
right. 



A: Top portion of filter, capacity 1 ml B: Lower portion 
ol filter Ground surfaces between A and 8 hold filter pad 
A and B are held together by springs, 0. C: filler flash. E: 
wire twisted around stopper to hold lower end of spr.ngs 
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2. TLC equipment 

3* Micropipettes or microsyringeB, 10 p.1. 
4. Chromatography spray. 

REAGEHTS 

1. Potaaaiun hydroxide solution. Dissolve 400 g of potassium hydroxide in 600 ml 
of distilled water. 

2. Digitonin solution. Dissolve 1 g digitonin in 100 ml of ethanol 95-9656 v/v. 

3. Ethanol, 95-96* v/v. 

4. Ethanol, 80* v/v. 

5. Diethyl ether. 

6. Acetic anhydride. 

7. Pentane or light petroleum (boiling range 40-60°C). 

8. Copper sulphate solution. Dissolve 70 g of crystallized copper sulphate penta- 
hydrate in water and dilute to 1 litre with water. 

9* Anhydrous sodium sulphate. 

10. Phoephomolybdic acid solution. 

This reagent must be freshly prepared. If faint blue coloured bands are obtained 
when spraying the chromatoplate, the reagent must be discarded and a fresh solution 
prepared, preferably from phosphoraolybdic acid, recrystallized in nitric acid (d - 1.2) if 
not sufficiently pure. 

Dissolve 10 g of phoephomolybdic acid P 0 -24 MoOyn H O in 50 ml ethanol (95$»v/v). 
Contact of this solution with metallic objects, 5 such as spatulas, etc., must be avoided. 

11. Reference standards solution. This reference solution must be frenhly prepared. 
Dissolve 98 mg cholesteryl acetate and 2 mg soybean oil phytosteryl acetates in 10 ml 
diethyl ether. 

PROCEDURE 

A. Prepare acetic acid - acetonitrile mobile phase for TLC. 

Mix 100 ml glacial acetic acid and 300 ml acetonitrile and shake with 18 ml 
undecane (boiling range 190-220 C) in a separatory funnel. Conduct the operation in a fume- 
cupboard as acetonitrile is toxic. 

Leave the 2 layers to separate 16 hours at 22-23°C The acetic acid-acetonitrile 
layer, saturated with undecane, is used as the mobile phase. 

Mixtures already used for chromatographic separation must be discarded. 

B. Prepare the TLC tank. 

The tank should be prepared as follows: 
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Introduoe enough of the acetic acid-acetonitrile (mobile phase) into the chromato- 
graph vessel to obtain a layer of about 1 cm depth. 

Line the walls of the vessel with filter paper and close the vessel tightly with 

the lid. 

Let the vessel equilibrate at 22 - 23°C for 24 hours. 
C. Preoaration of test Bamole: 

Butter ; 

Melt about 50 g of the butter sample in a drying oven at a temperature below 50°C 
until the fat and water layers separate. Separate the fat layer by decantation and clarify 
the fat in the oven at a temperature of about 40 C by filtering it through a dry paper 
filter, taking care that the filter is not wetted by the aqueous phase. 

Milk and Cream: 

Centrifuge the sample to obtain a cream of 40$ fat. Churn the cream in a laboratory 
churn. Collect the butter lumps and proceed as described under butter. 

Cheese; 

Rub the sample in a mortar with anhydrous sodium sulphate until a granular mass is 
produced. Extract the mass with pentane or light petroleum (a continuous extraction 
apparatus may be used) and evaporate the solvent in a boiling water-bath. 

Condensed milk, evaporated milk, ice-cream: 

Add to the sample twice its volume of boiling water and heat the mixture on a boil- 
ing water-bath until the temperature is 75 C. Add an amount of copper sulphate solution 
equal to one-tenth of the volume of the mixture and continue heating until the precipitate 
coagulates. Filter the precipitate through a paper filter and wash it with warm water 
until the filtrate is colourless. Carefully drain the precipitate, rub it in a mortar with 
anhydrous sodium sulphate and prooeed as described under cheese. 

Dried Milk: 

Bub the sample in a mortar with some water so as to obtain a clotted mass. Allow it 
to stand for about 15 minutes. Then add anhydrous sodium sulphate and rub again until a 
granular mass is produced. Extract the mass with pentane or light petroleum (a continuous 
extraction apparatus may be used) and evaporate the solvent on a boiling water-bath. 

D» Prei*x»tioa of Steryl Acetates: 

Heish to thf? nearest tflO m«r nVout 15 g of the, fat in thy conical flask of 500 ml 
capacity. 

Add 10 ml of potassium hydroxide solution and 20 ml of ethanol (95-96$ v/v). 

Place the air condenser on the flask, heat it on a boiling waterbath, with swirling, 
until the solution has become clear, and continue boiling for half an hour. 

Add 60 ml of water and then 180 ml of ethanol (95-96$ v/v), and raise the temper- 
ature to about 40 C. Add 30 ml of the alcoholic digitonin solution (1?'), swirl and allow 
to cool. Place the flask in a refrigerator at about 5 C for about twelve hours or over- 
night. 

Collect the precipitate or Bterol digitonide by filtration through a medium speed 
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filter paper in a Buchner funnel (diameter 8 cm). 

Hash the preoipitate with water at about 5°C until the filtrate stops foaming, then 
once with 25 - 50 ml of ethanol ( 95 - 96# v/v) and once with 25 - 50 ml of diethyl ether. 

E. Preparation of Plate: 

Coat a glass plate with a slurry of diatomaceous earth in distilled water using a 
suitable spreader so as to obtain a layer of 0.18 mm uniform thickness. Prepare the slurry 
from diatamaceous earth containing 1$ gypsum or use a proprietary powder (e.g. Kieselguhr 
C. Merck), using 1 part to 2 parts of water by weight. 

After the plates have air-dried, activate by heating in a drying oven at 100°C for 
25 minutes. Allow the plate to cool to room temperature. 

Mark one of the sides of the plates, perpendicular to the direction of coating, as 
the bottom side by scratching a small sign in the layer. 

Take the plate between thumb and forefinger of both hands, wearing rubber gloves, 
and dip it carefully for some seconds in a shallow tray, containing the undecane solution 
in light petroleum. Use ^Of> v/v undecane (B.R. 190-220 C) in petroleum ether (B.R. 40-60 C) 
or the undecane layer left from preparii g the mobile phase (q.v.). Alternatively, the plate 
may be sprayed directly with the undecane solution. 

Remove the excess undecane solution by holding the plate in a vertical position, 
with the bottom side on top, over the tray for about ten seconds. The degree of impregnat- 
ion should be 0.08 - 0.09 gram of undecane per gram of diatomaceous earth. Store the plate 
at a constant temperature of 20-24 C in a draught-free place for 50-60 minutes to evapor- 
ate the light petroleum. 

During this evaporation period remove with a brush pentagonal pieces from the thin 
layer and also strips of about 1.5 cm width along the edges of the plate in the same 
direction as used for applying the thin layer, using an appropriate template as indicated 
in the figure, the pentagonal figures being situated on the bottom of the plate. Use the 
plate immediately. 

Hotej The chromat opiates must be handled in a clean atmosphere, especially during 
heating procedures. 

Dry the filter paper with the precipitate on a watch-glass in a drying oven at 
102 + 2°C for 10-15 minutes. 

Fold the filter paper in two, allowing the precipitate to come off as a pellicle, 
transfer the precipitate into a weighing bottle or other convenient container. 

Transfer 100 + 5 mg of the sterol digitonide to a test tube, add 1 ml of acetic 
anhydride, and heat the tube in a glycerol bath at 130 - 145 C until the precipitate has 
dissolved. 

Do not use direct heat, since spattering may occur. Continue heating for two min- 
utes and allow to cool to about 80 C. 

Add 4 ml of ethanol (95-96# v/v), mix, heat slightly to dissolve any steryl acetate 
which may tend to crystallize out. 

Filter the still warm solution through a small medium speed filter paper 
previously moistened with ethanol, and collect the filtrate in another test tube. 

Carefully heat the filtrate in the test tube until it boils gently. 
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Keep the solution boiling and add drop by drop from a pipette while shaking 
vigorously, 1 to 1.5 ml of water until the steryl acetate is just about to precipitate but 
still remains in solution. Avoid superheating. 

Add a few drops of ethanol (95-9&t> v/v) to redissolve any precipitated steryl 

acetate. 

Allow to cool in air for two hours and finally in ice-water for half-an-hour. 

Filter the crystallized steryl acetates on a small disc of hardened fast speed 
filter paper by suction in a glass microf iltering device and rinse the crystals with 1 ml 
of ethanol (80# v/v). 

D Dry the crystal cake on the paper in a drying oven first at about 30°C and then at 
102 + 2 C for 10-15 minutes. The oake may be stored in a desiccator ready for completion of 
the test the following day. 
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P. Development of Plats 

Dissolve the cake in about 2 ml of diethyl ether so as to give a concentration of 
about 10 ug/ul. (Digitonin, M.Wt. 1229 forms an equimolar ad duct with sterols and as the 
M.Wt. of cholesterol, for example, is 386, starting with 100 mg of adduct and assuming 
8o£ of the acetate is recovered the yield would be about 20 mg of cholesteryl acetate). 

Spot, by means of a micro-pipette, 10 ul of the freshly prepared solution of the 
steryl acetates in diethyl ether containing 10 jag per yl, at the centre of the bridges of 
the chromatoplate as indicated in the figure. If more than phytosteryl acetates are 
expected to be present in the Bteryl acetates sample, a smaller amount, e.g. 2.5 - 5 ;al of 
the steryl acetates solution in diethyl ether, should be spotted on the starting point, 
otherwise the bands will not separate clearly. 

Open the chromatographic vessel, and in order not to disturb the vapour equilibrium, 
place the chromatoplate quickly in a vertical position in the vessel and close it immed- 
iately with the lid. 

Develop by ascending chromatography at a temperature of 22-23°C for about 1.5 hours. 

Discontinue the development when the solvent front has travelled to a height of 
about 16 cm, as measured from the baseline. 

Dry the developed chromatoplate in air for 1-3 hours and then in a drying oven at 
100 C for 45 minutes. 

Allow the chromatoplate to cool to room temperature and spray uniformly with the 
phoephmolybdic acid solution. 

The background of the chromatoplate should be yellow. A greenish colour may 
indicate interference of extraneous vapour. The cholesteryl acetate band will appear at a 
distance of 5~^«5 crn from the start point. 

Heat the chromatoplate in a drying oven at 100°C for 5-10 minutes till the bands 
are coloured to maximum intensity. 

Reference test: 

Conduct simultaneously, on the same chromatoplate as used for the test, a test 
using a spot of 10 pi of the reference solution. 

A major band of cholesteryl acetate and a much smaller one of ^-eitosteryl acetate, 
with a lower migration rate, should be clearly discernible. r 

If the acetates were not pure enough for an adequate separation the digitonideB 
should be recrystallised and the TLC repeated. Recrystallisation may be carried out as 
follows. 

Redissolve the crystal cake by heating it over a micro-burner in a short Pyrex 
glasB tube with 1 ml of ethanol (95-96* v/v). 

Allow to cool first in air for 15 minutes and then in ice-water for five minutes. 
Refilter the crystallized steryl acetates and dry as described above. 

Recryetallisation is repeated up to four or five times as necessary. 

If a snail band with the same migration rate as £-sitosteryl acetate is observed 
on the sprayed chromatoplate, the presence of phytosteryl acetates is indicated and the 
fat sample under investigation, from which the steryl acetates have been obtained, is 
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considered to contain vegetable fat. 

The presence of at least 1# $-sitosteryl acetate in steryl acetate mixtures can 
be demonstrated by this method. r 

The sensitivity of the detection of vegetable fat in milk fat cannot be given as 
this depends upon the nature of the fat added especially upon the phytosterol content of 
such fat* 

REFKREHCES 

The procedure given is identical to that in IDF 32:1965 and IDF 38:1966 but the 

experimental details are given in the order in which they are most conveniently carried 
out • 
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ICE CREAM 

Analysis Required 

The bacteriological examination of ice cream iB very important aa the product is 
implicated in outbreaks of food poisoning from time to time. Chemical analysis should be 
carried out on a separate sample, as the bacteriologist has to keep to a timetable for the 
methylene blue test and the sample is melted before testing. Samples for chemical analysis 
should be tested immediately nn arrival or stored in the deep-freeze as low sucrose values 
may be obtained due to its conversion to dextran by Leucor-oatoc meaenteroides . 

Ice cream should be analysed for composition, total solids, fat, sucrose, lactose, 
protein (N z 6.38), ash and for metallic contamination, particularly lead and zinc. It may 
also be necessary to test for the presence of preservatives, artificial sweeteners, anti- 
oxidants in the fat, starch, flavours and colours. The type of fat present may be ascert- 
ained in the first instance by determination of the hydroxamic acid index (HAl) or 
Reichert-Polenske-Kirschner (RPK) value. The iodine value of the fat is useful for indic- 
ating the presence of hydrogenated fat. 

The level of milk solids other than milkfat can be calculated from the lactose, 
protein or calcium (1.88^ as CaO in dry milk solids-not-fat) but the results must be 
interpreted with care as gelatin, lactose, calcium alginate thickener, etc., may have been 
added. This can be seen from the ratio between them if one of the figures is not in line. 
TLC is a convenient way of ohecking that sucrose and lactose are the only sugars present. 

When ice-cream is manufactured, air is beaten into it to improve the texture. The 
volume is thus increased and the increase is expressed by the "over-run", defined as the 
percentage increase in volume, and calculable from the formula 

Over-run (i) - d ~ 0 x 100 - ° ~ * x 100 



where c - s.g. of ice-cream before melting 

d - s.g. of ice-cream, melted and deaerated. 

Alternatively, one of the two methods described in the AOAC 11th Edition (1970) 
16.220 - 16.223 may be used. 

For ice-cream sold by volume the overrun thus determines the weight sold per unit 
prioe and is therefore of importance to both manufacturer and consumer. 

STANDARDS OF COMPOSITION 

It is important to maintain adequate standards of composition for ice-cream af it 
is often consumed by children. There are considerable differences in national standards. 

The traditional product is made from milk, whether fresh or processed, sugar, and 
butterfat, with various emulsifiers and emulsion Btabilisers added. The International 
Dairy Federation produced its own International Standard in 1969 (IDF 46:1969). Thie lays 
down compositional standards for ice-cream and milk ices (edible ices) produced from milk 
and milk products. This states that "edible ices produced from milk and milk produoes are 
preparations the solid or pasty state of which has been obtained by freezing and which are 
intended to be consumed in that state". 

The standards are as follows: 
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Butter fat minimum 

Total solids minimum 

Liquid egg yolk or 
equivalent as de- 
hydrated yolk 



Fruit ice- 
cream (fruit 
Edible or pulp 1556 

ISC LM lemon) 

Q% m/m tfo m/m % m/m 

32# m/m 30* m/m 28* m/m 



Milk Icea 
with eggs 

3* m/m 
2^ m/m 



7* m/m 



Ice-cream 
with eggs 

m/m 
32*»/» 

7* m/m 



Water should only be used to reconstitute milk included as an ingredient. Milk of 
animals other than cows should be designated. The only other permitted ingredients are 
eggs, nutritive sweeteners, flavours and the following additives: 

Alginic acid and alginates. Alginic acid and its sodium and calcium 
compounds with a total maximum content of 33/6 of mineral substances 
(sodium, potassium and calcium compounds of orthc— and pyrc-phosphoric 
acid, tartaric acid and citric acid) 



Gelatin 
Pectin 



Arabic gum 

Guar gum 

Carob seed gum 

Carboxymethylcellul08e 

Propylene glycol alginate (»*) 

Glycerine 

Glyceryl mono- and di-etearate 

Lecithin 

Sucrose esters 

Citric, tartaric, ascorbic, lactic and malic acids 
Starch and hydrolized starch derivateB 



156 (*) 



0.6* (•) 



3* C) 



(•) Maximum level of use of one of the products in this group or of 
a mixture of two or several of the products in this group. The 
combination of products of several groups is permitted. 

(••) For ice-cream and milk ice containing fruits. 
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The over-run- defined as the ratio v0 ume 1 " 1 Ttn should not exceed 2 (2.25 for 
T mass in kilograms* v 

products containing over 35^ total solids). Bacteriological standards are also set. 

Thatti, Cayakwad A Laxminarayana (1972) have published the results of analysis of 
270 samples from the Bombay market. 

Keener et al ( 1971 ) have published a rapid method for detecting non-milk fat in 
ice-cream. Kato * Sakai (1971 ) describe the GTLC of the triglycerides. 

inalyaiB 

Most of the analyses can be carried out by slight modifications of standard methods 
and will no£ be described here in full. If the sample is taken from the deep-freeze, melt 
at below 45 C, shake and cool to room temperature. In certain mixed products the ioe-oream 
portion may have to be separated before analysis. 

Pat can be determined by Rose-Gottlieb, Werner-Schmidt or Qerber methods. For the 
Rose-Gottlieb method, use 5 g of sample, 2 ml ammonia and 8 ml of water. Maintain at 65 C 
for fifteen minutes, add 1 S ml of ethanol, mix and cool. The mixture should be free of 
lumps, but any remaining can usually be broken up with a glass rod. If this is impossible 
discard the determination and recommence with a fresh portion. 25 ml of diethyl ether is 
added to the homogeneous mixture and the analysis completed as for milk. 

For the werner-Sohmidt procedure, which may be better with custard ices, add 2 ml 
hot water to 5 g sample in a tube, add 10 ml hydrochloric aoid and heat at 50 + 2 C. Nix 
by gantly swirling during the first five minutes. After half an hour, cool, add 10 ml of 
ethanol, mix thoroughly, add 25 ml of diethyl ether and proceed as in the standard method. 

The Gerber method is most conveniently carried out using an ice-cream butyrometer, 
but those intended for milk, cream or cheese are suitable provided the correct amounts of 
sample and water are chosen. 

Por the routine screening of ica cream for fat content, the Gerber or Babcock tube 
using Salwin reagent may be used. (Salwin (1952)). This reagent is prepared by mixing 
equal volumes of glacial aceti c acid and 6o£ perohloric acid. 

The procedure for the determination of total solids given in ISO 3728 M977 is 
essentially the same as that given in this manual for evaporated milk. 

Sugars 

Determine before and after inversion by Lane & Eynon's volumetric method after 
clearing with zinc ferrocyanide or lead acetate and sodium oxalate. Nix 10 g with 150 ml 
water, clear, filter, wash the filter and dilute to 250 ml. Use an aliquot for inversion. 
If TLC has shown only sucrose and lactose to be present calculate sucrose as follows: 

reducing sugars as invert sugar I 
total sugars as invert sugar T 
% sucrose - (T - I) 0.95 

Use the lactose table to calculate the reducing sugars as % lactose. 

Peeples (1972) describes the determination of sucrose in ice-cream by cupriraetric 
titration and found results were up to 10)6 high in the presence of maize syrup. 
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Protein may be determined by the standard Kjeldahl procedure, using a factor of 
6.38. The method for total solids is described in detail. 

Ash and Calcium 

Dry about 10 g accurately weighed on the water bath and incinerate at 550 °C. 
Determine the calcium on the ash by oxalate precipitation, flame photometry or AAS. 

Acidity 

Titrate 10 g of ice-cream in a porcelain dish with 0.1M NaOH using 1 ml phenolphth- 

alein solution as indicator. Express the result as lactic acid. The mixture may then be 

used for the determination of protein by the formol titration (Analyst 1956 81,123). 

Methods for the analysis of ice-cream are described in B.S. 2472:1966 and the 

AO AC. 
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OTHER DAIRY PRODUCTS 

There axe a number of other dairy products which vary in type or composition from 
one locality to another or do not represent a major item of cost in the food budget of 
most consumers and it is therefore not considered appropriate to deal at length with 
compositional standards or methods of analysis for them. The following notes and biblio- 
graphical references may be of assistance to the analyst required to examine these 
products* 

Cheese 

The Codex Alimentarius Commission has developed Recommended International Standards 
CAC/C1-250 972) for the following cheeses: 



Cheddar Butterkhse 

Danablu Coulommiers 

Dan bo Oudbrandsdalsost (Whey cheese) 

Edam Harzer Kane 

Gouda Herrgardaost 

Havarti Hushallsost 

Samsoe Borvegia 

Cheshire Maribo 

Bmmentaler Fynbo 

Qruyere Tilsiter 

Limburger Saint Paulin 

Svecia Provolone 



Cottage Cheese, inc. 
oreamed Cottage Cheese 

Standards typically prescribe minima for dry matter and for fat in the dry matter. 
The use of additives may be restricted to bacterial and mould cultures, rennet, salt, 
emulsifying salts such as phosphates or citrate of the alkali and alkaline-earth metals, 
natural colours and sometimes sorbate, nitrate or nitrite as preservatives. 

MethodB of Analysis for Cheese 

The major constituents of cheese are, in addition to moisture, butterfat, milk and 
protein, and there are internationally agreed procedures to determine these. 

Protein may be determined by the Kjeldahl process (IDP 25:1964)* Determination of ' 
the dry matter by drying in the oven is described in IDP 4:1958, and for whey cheese in 
CAC/m-1973/lSO 2920-1974/lDP 58:1970. Use of the Karl Pischer and Dean & Stark methods 
is discussed by Strange (1969) 0970) and (1972). Arentzen (1972, 1972a) discusses 
sampling difficulties. 

Por routine purposes the fat may be determined by the Oerber or Van Oulik methods 
(ISO 3433*1975 and 3432:1975). Reference methods include the Rose-Gottlieb for whey 
cheeses 2/ and the Schmid-Bondzynski-Razlaff for other cheeses 2/. The latter method is 

27 CAC/M 1-1973/ISO 1854:1972/IDP 59:1970. 

2/ ISO 1935:1975/H>F5A:1969/CAC/M 1973/A0AC(1970)16.203. 
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discussed by Gillet ( 1 9^9 ) and compared with the Weibull-Stoldt and Van Gulik methods by 
Jager (1974) and Berezvai, Keresztessy A Reichart (1973). 

BS 770:1976 part 4 and IDF 17A:1972 describe methods for salt and B.S. 770:1976 
part 5 for pH. 

i/ 2/ 

Methods for citric acid -'and phosphorus -'have been agreed internationally. Brzenk 
A Krett (1976) found the inter-laboratory variability using this method to be unacceptably 
large. See also Taylor (1969). The IDF has developed a method for phosphatase activity in 
paeteurized stabilised cheese as a means of checking that pasteurization during processing 
was adequate. 

Other methods include: 

Lactose IDF 43:1967. The enzymic method of Bahl (1971, 1972) is being discussed by 
the Codex Alimentarius Commission. 

Nowak A Laskowski (1972) discusses the colorimetric methods of Warier A Boulet 
(ref) and Richards (ref) for small amounts (less than 100 micrograms) of lactose in cheese. 
Taylor (1970) gives an enzymic method. 

Ash IDF 27:1964. Addition of a little cotton wool and carefully igniting the fat 
may assist in ashing. 

Hisin B.S. 4020:1974, Jakubczyk, Lipinska A Kosikowski (1973), Hernandez Briz 

(1974). 

Nitrate A Nitrite ISO 4099 (in draft), Hamilton (1976), Brothen A Svensen (1973). 
Hamilton's method is under discussion by the Codex Alimentarius Commission. It is similar 
to the general method given in this manual (see 'Preservatives'). 

Chloride ISO 2970:1974. 

Recent papers of interest includes: 

- cause of white spots in cheese, Bijok A Oberman (1969) 

- C2-C8 car boxy lie acids detection by TLC, Rakshy, El-Soda A Tahon (1974) 

- mineral components by atomic absorption spectroscopy, AitzetmUller A Wirotama ( 1974) 

- calcium determination by EDTA titration, Raadsvelt A Klomp ( 1971 ) 

- pesticide residues, Zimmerli, Marek A Sulser (1973), Goursaud, Luquet A Casalis (1972), 
Smoczynski et al (1974), Velleneuve, Reynolds A Phillips (1973) 

- formation of benzoic acid in cheese, Kurizaki et al (1973) 

- sorbic acid determination, Noda, Kenjo A Takahasi (1973, LaCroix A Won* (1972, 
Wilamowski 1971 ). 

FERMENTED MILKS 

IDF 47 :1969 includes standards for cultured buttermilk, yoghurt, acidophilus milk, 
kefir and koumiss. Whether or not yoghurt as presented for sale should contain viable 
bacteria is discussed by Kroger (1975) and Davis (1976). 

37 CAC/M1-1973/ISO 2963 :1974/IDFS2: 1969 and 34B:197L 
^ CAC/M1-1973/ISO 2962 :1974/IDFS 1:1969 A 33A:197L 
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Compositional standards have been the subject of a U.K. government report, an EEC 
draft directive and CAC working documents. Analysis of a range of U.K. products is given 
by Davis A McLachlan ( 1974). 

Methods of analysis generally applicable to milk products are suitable for fermen- 
ted milks. 

The paper chromatography and determination of sugars in yoghurt is described by 
Shan ley (1973). Key & Wirotama (1970) describe the electrophoretic detection of gelatin 
added to yoghurt. Quarg (known as tvorog in eastern Europe) is a fermented cheese-like 
product of relatively low total solids content. Papers on quality and composition include 
those by Mann (1974) (a review), Solms (1974), Dorr (1974) and Csulak A Hammond (1973). 

Khoa is another cheese-like product, and may be analyzed by the same methods. 
Zariwala, Sharma A Gaikwad (1974) detail compositional data for Khoa from Bombay. 
Ladkani A Mulay discuss the use of the Gerber method for the determination of fat in Khoa. 

Milk Formulae for Infants 

These also may be analyzed by methods usually applicable to milk products. The 
determination of laotose, sucrose and starch in infant milk formulae is dealt with by 
Laskowski A Jamiolkowska (1970). 

Cream 

Different types of cream such as clotted, double , whipped, sterilised are categ- 
orised by their fat content. Cream should consist only of that part of milk rich in fat 
and the aqueous phase should have the composition normal to skimmed milk, although in some 
countries some grades of cream may contain certain additives. 

The analysis of cream does not present unusual difficulty. Butyrometer tubes for 
the determination of fat in cream by the Qerber method are available. Description of the 
Rose-Gottlieb method as a reference method for fat in cream is given in ISO 2450:1972. 
Slanovec et al (1975) compare the Roeder, Gerber-KBhler and Kieferle-Peichtner methods for 
fat. Davis (1971) discusses the laboratory control of cream. A new method for the deter- 
mination of added water has been reported by Lechner. 

General Methods of Analysis for Dairy Products 

The important review by Dickes A Nicholas (1972) describes the application of GLC 
to the analysis of milk and dairy products. 

The level of lactose or another major milk constituent may sometimes be taken as an 
adequate indication of the level of a milk product in a compound food. 

Orotic aoid (uracil-4-carboxylic acid) has been used as a measure of the proportion 
of non-fat milk BOlidB present, occurring to the extent of 48 - 62.5 - 74.5 mg/100 g in 
non-fat milk solids. 

This use of orotic acid determinations is discussed by Mota (1972), Archer (1973), 
Cajos A Krezlewicz (1974), Pearson (1976) and Ckonkwo A Kinsella (1969). 
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PHOSPHATASE ACTIVITY IN MILK, 
TRIED MILK, BUTTERMILK AND 
BUTTERMILK POWDER, WHET AND 
WHEY POWDER 

PRINCIPLE 

Dilution of the liquid product or the reconstituted liquid product with a buffer 
at pH 10.6 containing disodium phenylphoaphate and incubation at 37 C for one hour, 
liberates phenol if alkaline phosphatase is present in the product. The phenol ie reacted 
with dibromoquinonechloroimide and the colour formed is measured photometrically. 

APPARATUS 

1. All glassware, stoppers and sampling tools must be carefully cleaned. It is 
desirable to rinse them with freshly boiled distilled water or to steam them. 

2. Certain types of plastic stoppers may cause phenol i c contamination and their use 
must therefore be avoided. 

3. Water bath capable of being maintained at 37 - 1°C. 

4. Spectrophotometer, suitable for readings at a wavelength of 610 run. 

5. Test tubes, 16 or 18 mm i 150 mm, preferably graduated at 5 and 10 ml. 

6. Pipettes, graduated 1 and 10 ml. 

7. Glass funnels of convenient size, for example 5 cm diameter. 

8. Filter paper. 

9. Volumetric flasks for the preparation of standard solutions. 

10. Litmus paper. 

11. Analytical balance. 
REAGENTS 

All reagente should be of analytical reagent quality and water should be freshly 
boiled distilled water, or water of at least equal purity, free from COj. 

1 . Barium borate-hydr oxide buffer. 

Dissolve 50.0 g of barium hydroxide (Ba(0H) . 8H 0), free from carbonate, in 
water to a volume of 1,000 ml. 2 8 

Dissolve 22.0 g of boric acid (H.B0-) in water to a volume of 1,000 ml. 

.Warm 500 ml of each solution to 50 C, mix the solutions, stir, cool rapidly to 
about 20 C, adjust the pH if necessary to 10.6 + 0.1 by addition of barium hydroxide or 
boric acid solution. 

Store the solution in a tightly stoppered bottle. 

Dilute the solution before use with an equal volume of water. 
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2. Colour development buffer. 

Dissolve 6.0 g of sodium raetaborate (HaB0 9 ) or 12.6 g of KaB0„ *4H_0 f and 20.0 g 
of sodium chloride (NaCl) In water and dilute with S*ater to a volume of 1,000 ml. 

3. Colour dilution buffer. 

Dilute 10 ml of the colour development buffer to 100 ml with water. 

4. Buffer substrate. 

Dissolve 0.5 g of disodium phenyl phosphate (Na.C JLPO *2H_0) in 4.5 ml of the 
colour development buffer, add 2 drops of the solution 2 6 5 4 of 2,6 - 
dibromocniinonechloroiiiu.de and let stand at room temperature for 30 minutes. Extract the 
colour so formed with 2.5 ml of butan-1-ol and let stand until the butan-l-ol separates. 
Remove the butan-l-ol and discard. Repeat this extraction if necessary. 

The solution may be stored in a refrigerator for a few days; develop the colour 
and re-extract before use. Prepare the buffer substrate immediately before use by diluting 
1 ml of this solution to 100 ml with the barium borate-hydroxide buffer. 

5. Zinc-copper precipitant. 

Dissolve 3.0 g of sine sulphate (ZnS0/7H 0) and 0.6 g of copper (II) sulphate 
(CuS0 4 *5H 2 0) in water to a volume of 100 ml. a 8 

6. 2,6-dibromoquinonechloroimide solution (Qibbs reagent). 

Dissolve 40+1 mg of 2,6-dibromoquinonechloroimide (BQP) in 10 ml of 9&f> (V v ) 
ethanol. Store in a dark-coloured bottle in a refrigerator. Reject if discoloured or more 
than 1 month old. 

7. Copper (II) sulphate solution. 

Dissolve 0.05 g of copper (II ) sulphate (CuSO *5H 0) in water to a volume of 
100 ml. * 2 

8. Sodium hydroxide, 0.5 M solution. 

9. Phenol standard solutions. 

Weigh 200 ♦ 2mg of pure anhydrous phenol, transfer to a 100 ml volumetric flask, 
fill to the mark with water and mix. 

This stock solution remains Btable for several months in a refrigerator. 

Dilute 10 ml of this stock solution to 100 ml with water and mix. 1 ml contains 
200 ug of phenol. 

PROCEDURE 
Rotes. 

1. Avoid the influence of direct sunlight during the determination. 

2. Contamination with traces of saliva or perspiration can give false positive 
results and must be avoided. Pipetting in particular must be done with special care. 
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PREPARATION OP THE TEST SAMPLE 

1. Milk, buttermilk and whey. 

Carry out the analysis preferably direotly after sampling. Otherwise, keep the 
sample in a refrigerator, but not for more than 2 days. 

Mix the sample carefully, if necessary with moderate heating. The temperature 
of mixing must under no circumstances exceed 35 C. 

2. Pried milk, buttermilk powder and whey powder 

Dissolve 10 g of the product in 90 si of water. The temperature applied in 
dissolving must under no circumstances exceed 35 C. 

3. Heutralization of bout products 

Add to a sour product dilute sodium hydroxide until the test solution is neutral 
to litmus paper. 

TEST PORTICH 

Pipette into each of two test tubes 1 ml of the test sample, using one tube as a 
control or blank. 

DETERMIH ATI OS 

1. Heat the blank for 2 minutes in boiling water; cover the tube and the beaker of 
boiling water with aluminium foil to ensure that the entire tube will be heated. Cool to 
room temperature. 

2* Prom this point treat the blank and the test sample alike. Add 10 ml of the 
butter substrate and mix. 

3. Immediately incubate in the water bath at 37°C for 60 minutes, mixing the 
contervtn oneanionallr. 

4. Heat in a boiling water for 2 minutes in the same manner as for the blank. Cool 
to room temperature. 

5. Add 1 ml of the zinc-copper precipitant to each tube and mix thoroughly. 

6. Filter through a dry filter paper, discard the first runnings, refilter if 
neceseary until the filtrate runs clear, and collect 5 ml m a test tube. 

7. Add 5 ml of the colour development buffer. 

8. Add 0.1 ml of the BQC solution, mix and allow the colour to develop for 30 
minutes at room temperature. 

9. Measure the absorbance against the blank in a spectrophotometer at a wavelength 
of 610 nm. 

10* Repeat the determination with an appropriate dilution of the sample or the 
reconstituted Bample if the absorbance exoeedB the absorbance of the standard containing 
20 ug of phenol per tube. 
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Prepare this dilution by mixing 1 volume of the test sample with an appropriate 
volume of a part of the same test sample thoroughly boiled in order to inactivate the 
phosphatase. 

PREPARATION OP THE CALIBRATION CURVE 

Prepare a suitable range of diluted standards, starting from the standard phenol, 
containing 0 (control or blank), 2, 5, 10 and 20 ug of phenol per millilitre and pipette 
respectively 1 ml of water and 1 ml of the four phenol standard solutions into each of 
five test tubes. 

Add to each tube 1 ml of the copper (11) sulphate solution, 5 ml of the colour 
dilution buffer, 3 ml of water and 0.1 ml of the BQC solution, and mix. 

Allow the colour to develop for 30 minutes at room temperature. Measure the abaorb- 
ance against the control or blank in the spectrophotometer at a wavelength of 610 nm. 

Prepare the calibration curve by plotting the absorbances against the quantities of 
phenol in micrograms. The standard curve should be a straight line. 

CALCULATION 

Convert the absorbance to micrograms of phenol by reference to the calibration 

curve. 

Calculate the phosphatass activity, expressed as micrograms of phenol per milli - 
litre of the liquid product or in the case of dried products, per millilitre of recon- 
stituted liquid product, by means of the following formula: 

Phosphatase activity - 2,4 x A x V 

where A is the quantity of phenol in micrograms obtained 

D is the dilution factor of any dilution, (in the case of no dilution, D - 1). 

REPEATABILITY 

The difference between the results of two determinations carried out simultaneously 
or in rapid succession by the same analyst should not exoeed 2 ug of phenol. If a dilution 
is applied this limit refers to the results obtained on the diluted sample. 

INTERPRETATION 

A value of more than 1 is indicative of improper pasteurisation or contamination 
with unpasteurized substances. 

REFERENCE 

- ISO 3356 1 1975* IDF 63:1971 and included in an EEC draft directive on preserved milk 
products, which also includes the Aschaffenhonig and Mullen (1949) technique given 
earlier in this manual for liquid milk. The above procedure ib based on that of Sanders 
ft Sagar. 
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C.2. SUGAR AKD SACCHARINE PRODUCTS 



Methods of analysis suitable for powdered and crystalline sucrose are: 
Loss on drying at 105°C for 3 hours. 

Invert sugars by Berlin Institute or Knight and Allen method, as recommended by 
ICUMSA. The latter depends upon titration of excess unreduced copper with EDTA using 
murezide as an indicator. 

Polarisation, conductivity ash and colour can be determined by ICUMSA methods 
reproduced in this chapter. ICUMSA have aleo recoiurended among others methods for S0 2 
(described briefly under 'Preservatives') pH, arsenic, copper and lead. Except for 
determination of invert Bugar moisture and polarization, the above methods are suitable 
for other powdered and crystalline sugars. Moisture in anhydrous dextrose and dextrose 
monohydrate is determined by drying for 4 hours at 100 C and a pressure of 100 mm Hg 
(EEC draft directive). The ICUMSA method for sulphated ash is substantially the same as 
the general method. The copper reduction and polarimetric methods in general used for the 
determination of sugars in foods, corn syrup and other sugar syrups are also appropriate 
for assaying dextrose and fructose powders. 

Methods recommended in CAC/RMl/8-1969 mostly follow those of ICUMSA. 
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Lactose 



Powdered Dextrose 
(icing dextrose) 



Anhydrous lactose content 



Reducing sugar content 
(dextrose equivalent) 



9ulphated ash 

Loss on drying (16 h at 120°C) 
pH (solution 10j6 m/m) 
Arsenia (As) 
Copper (Cu) 
Lead (Pb) 
Total solids 



^99.056 m/m on 
a dry basis 



^ 0.}% m/m on 
a dry basis 

6.05E m/m 

4.5 - 7-0 

> 1 *gAg 

> 2 mg/kg 

> 2 mg/kg 



^ 99.5^ n/» on a 
dry basis 

j^- 0.25$ m/m on a 
dry basis 



Sulphur dioxide 



^ 1 og/kg 
V 2 mg/kg 
> 2 mg/kg 

^ 98.0# m/m from an- 
hydrous dextrose 4/ 

4 90.056 if made from 
dextrose monohydrate 

20 mg/kg 



1. No additives permitted. 

2. Defined as finely pulverized anhydrous dextrose or dextrose mono- 
hydrate or mixtures thereof, with or without the addition of an 
anti-caking agent. 

3. Icing dextrose may contain any of the following, singly or in com- 
bination up to a maximum of 1.5 percent tribasio oaloium phosphate, 
magnesium carbonate, magnesium stearate, amorphous silicon dioxide 

(dehydrated silica gel), calcium silicate, magnesium trisilicate, sodium 
caloium aluminosilicate. 

4. If the powdered dextrose is made from mixtures of anhydrous and mono- 
hydrate it shall have a total solids content in proportion to the 
amounts of each present. 
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REDUCINO SUGARS 
IN SUCROSE 

BERLIN INSTITUTE METHOD 1 ' 2 

1. Scope and field of application 

The method iB used for the determination of invert sugar in products containing 
not more than 10 percent invert sugar in the presence of sucrose. No defecation is 
required even in the oase of dark-coloured solutions. 

2. Principle of method 

To the solution containing invert sugar, Mailer's solution is added) this 
contains sodium oarbonate instead of the sodium hydroxide used in Fehling's solution. 
The mixture has a pH of about 10.4 (relatively low in comparison with other methods) 
and is heated in a boiling water-bath. Foaming caused by impurities during direct 
heating and boiling of the reaction mixture is thus avoided. 

The ouprio ions are reduoed by the invert sugar to cuprous oxide and, after 
cooling, the liquid is acidified and an excess of standardized iodine solution added. 
When all the cuprous oxide has reaoted with the iodine, the excess iodine is back- 
titrated with a solution of sodium thiosulphate, using starch as indicator. 

The experimental conditions, including volume of test solution, volume of 
Miller's solution, time of heating and titre of iodine solution, are strictly 
standardized. Because the temperature is lower than in the other methods and because 
the pH of the reaction mixture is low, the sucrose correction is small and more closely 
controlled. 

3. Apparatus 

3.1 Erlenmeyer flasks, 300 ml capacity 

3.2 Vater-bath, with vigorously boiling water, to ensure that immersion of flaBks 
does not interrupt boiling. The flaBks are placed in the water-bath so that the 
water level is 2 cm above the surface of the liquid in the flasks. 

3.3 Burette stand equipped with two 50 ml burettes, with 0.1 ml graduations 

4. Reagents 

4.1 MCIller's solution: cupric sulphate pentahydrate (35 s) is dissolved in about 
400 ml of boiling distilled water. In another beaker, sodium potassium tartrate 
tetrahydrate (173 g) and anhydrous sodium carbonate (68 g) are dissolved in about 
500 ml of boiling distilled water. 

The two solutions are cooled and the sodium carbonate solution poured into the 
cuprio sulphate solution with stirring? the combined solution is diluted to 100 ml. 
After vigorous shaking with active carbon (2 g), the solution is filtered through a 
hardened filter paper under vacuum. If cuprous oxide is precipitated on Btorage, the 
solution is refiltered. 

4.2 Acetic acid, 5M 
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4.3 Iodine solution, 0.01665*1: this solution should not contain mors than 6 g 
potassium iodide/100 ml. 

4.4 Sodium thiosulphate solution, 0.0333M: this solution is stabilized by the 
addition of K sodium hydroxide solution (3 ml/lOO ml). 

4.5 Starch indioatort soluble starch (l g) is dissolved in 100 ml of saturated 
sodium chloride solution. 

5. Procedure 
5.1 Determination 

A pipetted or weighed amount of the product , containing not more than 30 mg of 
invert sugar, is introduced into an Erlenmeyer flask and dissolved! the volume is 
made up to 100 ml. Mailer's solution (10 ml) is added and the contents of the flaBk 
well mixed. 

The flask is then placed for 10 min ( + 5 sec) in the boiling water-bath according 
to the description under (3.2). 

After heating, the flask is cooled rapidly, without agitation, under running 
water, a small beaker being placed over the mouth of the flask. 

The cold solution is acidified with the 5H acetic acid (5 ml) and an excess of 
0.01665M iodine solution (20 to 40 ml) is immediately added from the burette. Both 
additions are made without agitation to avoid oxidation of cuprous oxide by air. 

After these additions have been made, the solution is well mixed. When the 
precipitate has completely dissolved, the excess of iodine is back-titrated with 
0.O1665M sodium thiosulphate solution in the presence of a few drops of starch 
indicator which are added as the end-point is approached. 

6. Result 

The difference between the volume of the iodine and thiosulphate solutions used 
is the volume of 0.01665M iodine used in the reaction. This value is corrected by 
subtraction of the following three corrections « 

Blank correotioni the volume (ml) of iodine solution required in a blank test with 
distilled water instead of sugar solution carried out aB described in seotion 5.1. 
This correction should not exceed 0.1 ml for pure reagents and should be determined 
for each new batch of Mailer's solution. 

Cold correction: the volume (ml) of iodine solution required by the sugar solution 
after standing 10 min at room temperature before acidification; this corrects for the 
effect of reduoing Bubbtances present. 

Sucrose correction: proportionate correction to allow for the reducing action of the 
sucrose (0.2 ml iodine solution/g sucrose). 

After these corrections have been made, 1 ml of iodine solution is equivalent to 
1 mg invert sugar. 

REFERENCES 

Spengler, 0., F. T8dt and M. Scheuer (1936): Z. Wirtschaf tegr . Zuckerind. 86, 130 and 
322. 

ICUMSA, Report of the Proceedings 15th Session (1970): Subj. 14, Rec. 1(b), 147- 
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CONDUCTIVITY ASH 
AND TRACE METALS 



1. Principle of the method 

The specific conductivity indicates tbe concentration of soluble ionised salts 
present. In actual practice it is the resistivity which is the reciprocal of tbe 
conductivity that is measured. The conductivity ash percentage of tbe analyzed sample 
ie obtained by multiplying the result of the conductometric analysis expressed in 
mioromhos per cm by a suitable proportionality factor (C-Ratio). 

NOTE - Gravimetric ash represents the sum of tbe water-soluble and water-insoluble 
ash. This is one source of discrepancy between the two methods. 

2. Standard solutions 

2.1 PotaeBium chloride 0.01M - Dissol/o C.3728 g of dry KC1, analytical 
grade, in distilled water to 500 ml at 20 W C. 

2.2 Potassium chloride 0.02M - Dissolve O.7456 g of dry KC1, analytical grade, 
in distilled water to 500 ml at 20°C. 

3. Apparatus 

3.1 Conductivity cell - It should be made of resistance glass with 
platinized Pt-eloctrodes firmly fixed and adequately protected from displacement. 
These electrodes may be sealed into vessel into which solution under examination 
may be run and subsequently drawn off (Zerban type), or attached to support so that 
they can be lowered into a cylinder (or 100 ml beaker) containing the solution 
(dipping type). The cell iB provided with a thermometer graduated in tenths of 
degrees and covering 15-25°C and the bulb placed in the immediate vicinity of the 
electrodes. Cell constant should be oa. O.15. 

3.2 Galvanometer or microphone hummer (or induction ooil) and a sensitive 
telephone receiver. 

3.3 Suitable source of current - Dry or storage cells if hummer or induction coil 
is used. 

3.4 Resistances of 10 and 100 ohms - They should be fixed and accurate. 

3.5 Slide wire or Wheatstone bridge - A modern mains-operated conductivity bridge 
unit should be preferably used instead of above. 

3.6 Device for control of temperature of cell to within + 0.1°. This may consist 
of thermostat or of vessel into which HgO of Buitable temperature may be run so as to 
adjust cell contents to 20 C. 

4. Procedure 

4.1 Determination of the cell constant - Pill oell with 0.01M potassium chloride 
solution, adjust to 20° ± 0.1°, measure resistance and multiply number of ohms by 
141.2 (specific conductivity of 0.01M KCl). Rinse with the 0.02K potassium chloride 
solution, fill cell with this solution, measure its resistance at 20°C and multiply by 
276.1 (specific conductivity of 0.02M KCl). Average the two results. Cell constant 
should be ca. 0.15. 
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4.2 Determination of conductivity ash - Dissolve 10 g of sample if below 1# ash 
(or 10 g mixture of sample and pure sucrose to give approximately 0.5 percent aah it 
sample is above 1 percent ash), and make up to a volume of 200 ml at 20°C. Measure 
conductivity of the solution at 20°c. A water correction coefficient of K - 0.9 shall 
be applied at this temperature. 

4.3 Calculation and expression of results - The specific conductivity of the 
sugar solution shall be multiplied by the C-ratio factor of 18 x 10" 4 and the result 
reported as % o/m conductivity ash. Conductivity ash % m/m - 0.9 x 0.0018 x specific 
conductance (mioromhos). 

4.4 Notes on procedure 

4.4.1 The official standard temperature Hhould be 20°C. However, the 
following corrections should be applied to temperature different from 20°C (maximum 
± 5°c)i 

o o 
Temperatures above 20 Q C: subtract 2 percent per C 

Temperatures below 20 Ct Add 2 percent per °C 

4.4.2 The maximum conductance of the water used shall be 2 mioro Siemens 

per cm" 

4.4.3 Alternatively a concentration of 28 g/lOO ml may be used; in this 
event, after correcting for the specific conductance of water using a correction 
coefficient of 0.5, the corrected specific conductance of the solution is converted 
into the (calculated) specific conductance at a concentration of 5 g/lOO ml by 
multiplying by a conversion factor of 0.32. The resulting figure can be converted into 
conductivity ash, percent, by using the standard C-ratio of 18 x 10"^. 



references 
cac/rk 8-1969 

ICUMSA Methods of Sugar Analysis, 1964, p. 38-40 

Report of the Proceedings of the 12th Session of ICUMSA, 1958, p. 6-10 

Report of the Proceedings of the 13tb Session of ICUMSA, 1962, p. 8-12 

Report of the Proceedings of the 14th Session of ICUMSA, I966, p. 88-89 



The brown sugar with a characteristic taste known as Demerara may have had the 
colour stabilized with stannous chloride, titanous chloride or artificial colour. The 
extraneous water-insoluble material in good quality white sugar is usually less than 
25 ag/kg. It may be determined (Hibbert and Phillipson, 1976) by filtering the 
solution of a large quantity of sample (e.g. 1 kg.) washing, drying and weighing the 
filter and examining micnoscopically if desired. The authors recommend the use of an 
MP 500 membrane filter ■=/, 4-7 c» diameter, previously washed in boiling water for 
6 minutes which is held in a specially made filter holder. A solution consisting of 
1 kg of sample made up to 1,800 ml with boiling water is drawn through the filter, 
which is then washed with a litre of hot water and soaked in water on a sieve for an 
hour in order to remove traces of sugar from the periphery. The filter is then dried, 
weighed, and. examined under the microscope. 

The lead content of sugars will usually be very considerably lower than the limit 
of 2 Bg/kg. Trace metals can be determined directly on solutions of white sugars but 
brown sugars must be ashed in the presence of ash-aid for lead and digested or ashed 
according to standard methods for arsenic. Coppwr can be determined by extracting the 
diethyl oarbodithionate into carbon tetrachloride. 

I/Obtainable from Membranf iltergesal lechaft m.b.H., C«ttingen, Ped. Rep. of Oermany 
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COLOUR 

1 . Prinoiple of the method 

Based on the ICUKSA method (I964) for the determination of colour for all 
sugar products. 

2. Procedure 

Prepare a solution of the sugar to be tested using distilled water. The 
following concentration shall be used: 

(i) White sugar 50j6 m/m 

(ii) Darker sugar as high as practicable, consistent with 

reasonable filtration rates and cell 
depths 

(iii) Liquors, syrups Original density, unless dilution is 

and juises required to obtain reasonable filtration 

rates or cell depths 

Filter the solution under vacuum. White sugar solutions and light coloured 
liquors should be filtered through a membrane filter of pore si»e 0.45 J» according 
to the mercury extrusion method or 0.6 y. according to the Hagen-Poiseulle method 
without addition of filter aid. Darker solutions should be filtered with analytical 
grade Kieselgubr (l percent on solids) over filter paper. The first portion of the 
filtrate should be discarded if cloudy. Adjust the pH of darker solutions to 
7.0 + 0.2 with dilute HC1 or NaOH. Do not adjust the pH of white sugar solutions. 
Remove entrained air under vaouum. 

Place the solution in a 10-cm absorption cell (the cell length is chosen so that 
the instrument reading will be between 10 and 90 percent transmittaney) . Determine the 
attenuanoy (a* or - log T ) of the solution at 420 nm in a spectrophotometer or 
equivalent, using distilled water as a reference standard of aero colour. 

3 . Calculation and expression of results 

A* -log T 8 
Attenuation index (a S ) 42Q - -g . bo 



where i 



A* - attenuancy 



T 0 - transmittaney 
b - cell length in cm 

c - ooncentration of total solids in g/ml 
Attenuation index (a») ^ 2 0 x 1000 * ' col °ur' in ICUMSA unite 
REFERENCES 
CAC/RP 6-1969 

iCblto* avttioas of Sugar Analysis, I964, pp. 57-58 

Seport of the Proceeding of the 12th Session of ICUMSA, 1958, p. 52 
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Glucose Byrup or corn syrup 

Also called liquid glucose which is a term that should be discouraged. It is 
oade by the hydrolysis of starch, which is frequently obtained from maize (com) hence 
the term corn syrup. It consists of dextrose, maltose and higher saccharides. 

It is usually sold on the basis of its dextrose equivalent and density in 
degrees Baume. The dextrose equivalent is defined as the percentage of reducing 
sugars in the Byrup, as determined by Lane ft Etynon titration or another standard 
method, calculated as dextrose and expressed as a percentage of the total solids. 
Degrees Baum« (Modulus 145) i» defined as the ratio of the total volume displaced 
in water by the hydrometer and the volume displaced by the unit scale length of 
the hydrometer Btetn. It is related to true specific gravity by 

°Be - 145 - 145 

true sp.gr. 66 u P/o6 w P 

For a product of any particular dextrose equivalent, the total solids in the 
sample may be deduced from degrees Bauofi by UBe 0 f a table l/. 

Treacle, Molasses, Golden Syrup 

These are derived from the uncrystallisable residue left over after removal of 
sucrose during the processing of cane and beet sugar. 

Invert sugar 

Invert sugar is obtained by hydrolysis (inversion) of sucrose and therefore 
oontains equimolecular proportions of glucose (dextrose) and fructose (laevuloee). 
There are now enzymes available commercially which isomeriBe the glucose to the 
sweeter fructose. 

The total solids of syrups are usually determined by drying at 70°C and a 
vacuum of about 25 mm Hg according to the general method. The total solids (&n/m) 
may also be obtained from the refractive index at 20°C and use of the table 
(Appendix 1 from AOAC 1975 52.012). C orrect for the presence of invert sugar 
(if the syrup is not a sucrose syrup) by adding 0.022 to the R.I. for every 1 percent 
invert sugar present. If crystals are present, dilute with an equal weight of water. 
Reducing sugars are usually determined by a copper reduction method such as the Lane 
and fynon procedure and calculated as invert sugar or ,<b the dextrose equivalent 
(the copper reducing power K). 

Degrees Brix 

Degrees Brix are defined as the percentage of sucrose by weight . For example, 
a sucrose solution of 5°° Brix consists of equal weights of water and sucrose. 
Originally tables were constructed relating degrees Brix to specific gravity, a 
hydrometer was used to measure the latter and the Brix was read from the table. Later 
the refractometer was used and the Brix read from a similar table relating it to the 
refractive index. Strictly speaking, degrees Brix only apply to pure sucrose solutions, 
but in industry the refractive index of juices and fruit products generally is de- 
termined as a quality control measure and reported as "apparent Brix" or just "Brix". 
The analyst oust treat these figures with some reserve, as the refractometer reading 
alters with temperature, acidity and the presence of other substances including other 
sugars and the "apparent Brix" may bear a modified relation to the actual sucrose content. 
Taoles Texating tu S.G., Brix, and Refractometer Readings are given in the Appendix. 

1/ See, for example, "Handbook of Sugars", Junk, A Pancoast, 1973. The handbook 
also gives tables relating Baume, Brix, S.O. and total solids 
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Determination of Sugars in Foods 

There are several qualitative chemical teats for sugars, such as Peblings, 
Barfoed'B or the reaction with antbrone. TLC does not take much more operator time 
and identifies the sugars present. This step is useful as it enables the analyst to 
ohoose the appropriate method for the quantitative analyses of mixtures of sugars 
such as polarimetry, gravimetry or titrimetry or a combination of them. These 
results may be used to calculate the proportions of known mixtures of sugars by use 
of simultaneous equations. 

The analysis of sugars in food involves three steps i removal of interferences, 
hydrolysis (for all but reducing sugars) and final estimation. Interferences are 
usually removed either by extraction of food with 80 peroent alcohol or by 
preoipitation of protein and other material with clearing (defecating) agents or 
both. Extraction witb 80 percent ethanol or 1-propanol dissolves sugars, amino acids, 
salts, organic acids and other small molecules, leaving polysaccharides and proteins 
undissolved. This is the method of ohoioe for produots containing stareh and is 
necessary for the determination of sugars in fruit and vegetable produots that contain 
polysaccharides precipitable by or insoluble in 80 percent ethanol. Organic acids 
and amino acids, colour and other small molecules are then removed by clarification 
with neutral lead acetate or by ion-exchange. Other clarifying agents such as alumina 
cream, basic lead acetate, activated charcoal, sodium tungstate and phosphotungstio 
acid are sometimes used; basic lead acetate and charcoal tend to absorb sugars. Zino 
ferrocyanide is a very good clearing agent, preoipitating protein (which takes down 
moderate amounts of fat with it) and is the agent of choice for dairy products (see 
chapter on "dairy products" for experimental details). Pat can also be removed, if 
necessary, by prior extraction with petroleum ether. Only the use of 80 percent ethanol, 
neutral lead acetate and an ion-exchange resin is described here. 

The clarified solution is ready for determination of reducing sugars if present. 
Non-reducing sugars must first be hydrolysed with acid or enzymes. The conditions of 
hydrolysis muBt be adhered to strictly otherwise incomplete hydrolysis or the further 
breakdown of the sugars may result and if the final determination is by polarimeter, 
the conditions of hydrolysis affect the equation to be used to calculate the result. 

The estimation on the prepared solution may be carried out by enzymic procedures, 
which are specific, as well as by polarimetry or reduction of Peblings solution, witb 
determination of the end-point by subsequent weighing of the precipitated cuprous 
oxide or by titration. Many other methods are available, but the above are probably 
the ones most commonly used in the food laboratory. SugarB may also be separated by 
column chromatography and determined by one of the above teohniques, or 
determined by GLC, usually as the trimethysilyl derivatives, or by liquid chromatography. 
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SUGARS, 
TLC 

PRINCIPLE 

TLC plates are soaked in buffer and dried and the sugars developed with a mixed 
solvent. The colour is developed with diphenylamine-phospboric acid ret. gent. 

APPARATUS 

1. Plates of silica gel 60. Soak in 0.1 M NaH 2 P0> 4 (pH5) and dry in the oven. 
REAGENTS 

Visualisation Reagent 

L(a) 2 g diphenylamine and 2 g redistilled aniline .ire diluted to 100 ml with acetonej 

(b) orthosphosphoric acid. 

Just before use, add orthosphosphoric acid, dropwise, with shaking to 23 ml of 
(a) until the precipitate first formed just redisolves. About 2 ml of acid is 
required. 

PROCEDURE 

Best separation is obtained by using the smallest possible spots (leas than 
1 mm across) of fairly concentrated solutions (2 - 10%). Spot the plate with a 
olarified solution of the sample and with standards. Develop with n-Bu0H: aC etone: 
O.lWTaHgPO^, 40»50:10. Dry, spray and heat in the oven for a few minutes. Glucose, 
lactose and sucrose are clearly separated. 

Impregnating the plate with 0.02 M sodium acetate instead of phosphate and 
using acetone swater:obloroformimethanol, 75»5:10:10 as developing solvent clearly 
distinguishes dextrose from glucose syrup (corn syrup), the latter showing the 
presence of various higher saccharides as a streak near the baseline. Glucose syrup 
gives an excellent series of spots on unbuffered silica gel using propanol : ethyl 
acetate jwater as solvent. 



REFERENCES 

- Waldi, D.J., Chromatog. 1965 417 

- See also Stahl "Thin-layer Chromatography" 
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SUGAR PRODUCTS, 
EXTRACTION WITH 
80* ETHANOL 

PRINCIPLE 

The sample or filtered cample is mixed with ethanol so that the final concen- 
tration of the latter, taking into account the moisture in the sample is 80 percent 
v/v. Chalk is added to neutralize acidity. The mixture is boiled on the water bath, 
diluted to volume, filtered and the filtrate evaporated to remove alcohol. Any 
enzymes present are inactivated by the alcohol. 

REAGENTS 

1. Alcohol, 96 percent. 

2. Caloium carbonate, precipitated. 
PROCEDURE 

Add the ground or finely ohopped and weighed sample to hot alcohol to which 
enough precipitated chalk has been added to neutralize acidity, using enough alcohol 
so that the final concentration, allowing for water in the sample, is 80 percent v/v. 
Heat nearly to boiling on a waterbath for 1 hour, stirring frequently. The solution 
may be kept at this stage if it is not convenient to proceed immediately with the 
analysis. Decant the solution into a volumetric flask and mix the solids in a high- 
speed blender with 80 percent alcohol. Boil the blended material on a waterbath for 
30 minutes, cool, transfer to the volumetric flask and dilute to volume with 80 peroent 
v/v ethanol at 20°C. Filter and evaporate an aliquot of the filtrate. Add water as 
necessary to prevent the solution evaporating to dryness. When the odour of alcohol 
disappears, add about 100 ml of water and heat to 80°C to soften gummy precipitates 
and break up insoluble masses. If the solution is to be clarified by ion-exchange, 
keep the volume down to 15-25 ml, filter through a thin mat of Celite on a fritted 
glass filter or on a filter paper in a Buchner funnel previously washed with water 
until the washings are clear. After passing the sample solution through the Celite, 
wash the latter with water and dilute the combined filtrate and washings to a suitable 
volume or use the entire filtrate, which should not be much in exoess of SO ml. 

The solution is ready for clarification by lead acetate or ion-exchange or for 
hydrolysis and final determination if clarification is not necessary. 

If it is necessary to determine starch in the product, boil the sample with 
80 percent alcohol initially only for 30 minutes, filter through a paper or 
extraction thimble, collecting the filtrate in a volumetric flask. Return any 
insoluble material to the beaker, boil an hour with 80 percent aloohol and filter 
through the same paper or thimble. If the extract is highly coloured, repeat a third 
time. Finally transfer the residue to the paper or thimble, leave to drain and then 
dry. Orind the residue to pass a 1 mm sieve, place thimble (or paper inside a thimble) 
in a Soxhlet extractor and extract 12 hours with 80 percent alcohol. The combined 
alcohol extracts are evaporated as above and the residue may be used for the 
determination of starch. 

REFERENCE 

- AOAC (1975) 12th Edition 3.081, 3.002. 
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SUGAR PRODUCTS, 
CLARIFICATION WITH 
ION-EXCHANJE RESINS 

PRINCIPLE 

The aqueous solution is occasionally shaken with anion and cation exchange 
resins over a period of two hours. The supernate can be UBed for the determination 
of sugars. 

REAGENTS 

1. Cation resin Amberlite IR-120(H) or REXYN 101(H) (Fisher Scientific Company). 

2. Anion resin. Duolite A-4(0H). 
PROCEDURE 

Transfer sample in 50 ml of water or 50 ml aliquot of 80 percent alcohol 
extract from which all the alcohol has been removed by evaporation into a 250 ml 
conioal flask. Add 2 g of cation resin and 3 g of anion resin. Let stand 2 hours 
with occasional swirling. Take an aliquot for hydrolysis or sugar determination. 

REFERENCE 

- AOAC 12th Edition (1975) 3.083. 
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SUGAR PRODUCTS, 
CLARIFICATION WITH 
NEUTRAL LEAD ACETATE 

PRINCIPLE 

A solution or extract of the sample, free of polysaccharides, is treated with 
neutral lead aoetate, removing colour, organic acids, amino acids and other small 
ionic molecules. Excess lead acetate is removed with oxalate. 

REAfiENTS 

1. Neutral lead acetate, saturated solution in water. 

2. Sodium or potassium oxalate crystals. 
PROCEDURE 

Neigh a quantity of sample appropriate for the final determination into a 
250 ml volumetric flask. For example, the Lane * Eynon titration using 10 ml of 
mixed Fehling solution requires a quantity of sample containing 0.25 - 0.75 6 <*f 
reducing sugars, the Berlin method requires 0.01 - 0.08 g of reducing sugars in 
250 ml and the method of Somogyi requires 0.005 - 0.003 g in the same volume. If 
it was necessary to extract the sample with 80 percent alcohol, transfer to the 
250 ml volumetric flaBk the aqueous extract of the sample after all alcohol has 
been removed by evaporation. 

Dilute to 100 - 120 ml with distilled water and add by pipette enough 
saturated neutral lead acetate solution to produce a flocculent precipitate, shake 
thoroughly and leave to stand 15 minutes. Test the supernate with a few drops of 
lead acetate solution and if a precipitate forms* shake and leave to stand again. If 
no further precipitate forms, dilute to the mark with water, mix thoroughly and 
filter through a dry paper. Add enough solid sodium oxalate to the filtrate to 
precipitate all the lead and re-filter through a dry paper. Check for absence of 
lead in the filtrate by adding a little sodium oxalate. 

Alternatively, add just enough lead acetate to the solution to cause complete 
precipitation. This point is reached when a drop of dilute sodium oxalate added 
to the eupernate gives a precipitate. Then add the same volume of lead aoetate 
solution again. Thoroughly shake and let the mixture stand a few minutes, then 
filter into a beaker containing an estimated excess of sodium oxalate crystals. 
Wash the filter until the filtrate no longer gives a precipitate with the oxalate. 
Check that oxalate is present in excess by adding one drop of lead acetate solution. 
Filter off and wash the lead oxalate precipitate, collecting the filtrate and 
washings in a volumetric flask. Dilute to the mark with water and mix. The solution 
is ready for hydrolysis or final estimation of reducing sugars. 

REFERENCE 

- AOAC 1975 (12th Edition) 3.082 
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REDUCING SUGARS 



Methods with alkaline copper-complex salt solutions 

Both methods described in this section are based upon the reduction of the 
copper(ll)-complex with tartaric acid in alkaline solutions which differ in 
composition, especially in their varying degrees of alkalinity. 

The nore alkaline the Cu( Il)-solution, the more substances other than reducing 
sugars present in the solution (e.g. sucrose) are attacked by the reducing agent. 
The blank value and the sucrose correction are therefore considerably affected. When 
further non-sugars vhich react with alkaline Cu(ll)-complexe6 are present, the results 
should more correctly be reported as reducing substances expressed as invert sugar. 

Lane and Eynon Methods 

Two methods are used: 

The "Standard Method" 

The "Constant Volume Modification" 

The "Standard Method" is officially adopted by ICUMSA and the "Constant Volume 
Modification" is tentatively adopted. 

The "Standard Method" requires an approximate titre. The solution is therefore 
first tested by an "incremental titration". Such a titration does not lend itself to 
precise results but, for many purposes, it will give sufficient accuraoy. 

The incremental titre obtained in this way is then used in a titration performed 
by the "Standard Method". 

The "Standard Method" requires the use of tables. 

In the "Constant Volume Modification" method, the reaction takes place under 
striotly standardized conditions, so that the use of tables can be eliminated. 
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STANDARD METHOD 

It Scope and field of application 

The method is used for the determination of invert sugar, glucose, fructose, 
maltose and lactose and of invert sugar in the presence of sucrose. 

The range of sugar concentrations to which the method can be directly applied 
varies from 0.1 to 0.8 g/lOO ml for glucose, fructose and invert sugar. 

For the determination of invert sugar in the presence of sucrose, the method is 
especially suitable for those products which have a relatively high reducing sugars 
content; this io due to the high value of its sucrose correction. 

In any event, the method should never be used for the determination of the 
reducing sugars content of beet molasses because of the high colour of this product 
in relation to its low reducing sugars content . 

2. Principle of method 

The main part of the test solution ig added to a definite volume of a strongly 
alkaline cupric-complex salt solution, Pehling's solution, which is then boiled. 

The reducing sugars solution is then added. 

At the end-point, the cupric ions are completely reduced to cuprous oxide and 
the blue colour of the solution disappears. The sharpness of the end-point is improved 
by the use of an indicator, methylene blue, which undergoes discoloration. 

The experimental conditions, including the volume and concentration of the 
Pehling's solution and the time of boiling, are strictly defined. 

The amount of reducing sugars corresponding to the fixed volume of Pehling's 
solution varies with the total volume of the reaotion mixture, so that results must 
be calculated by the use of tables valid for each kind of BUgar. On the other hand, 
if sucrose is present in the solution to be tested, it is, in part, converted to 
reducing Bugars due to the high pH (about 13) of the reaction mixture. Special tables 
are used in this oase. 

3 . Apparatus 

3.1 Heat-resistant glass flat -bottomed flasks of 300 to 400 ml capacity 

3.2 Burette, 50 ml, graduated in 0.1 ml. for the sugar solution. The burette should 
have a pinch-cock instead of a glass tap and a bent outlet tube in order to keep the 
graduated section of the burette out of the steam while additions are made to the 
boiling mixture. 

3.2 Pipette, 25 ml, class A 

4. Reagents 

4.1 Pehling's solution (Soxhlet's modification) 
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Mixed Fehling's solution does not keep indefinitely and the ingredients are 
therefore dissolved in two separate solutions, A and B, which are mixed together 
immediately before use. This mixing is done by adding a volume of solution A to an 
exactly equal volume of solution B. It is essential that the mixing be carried out 
in this order, otherwise the precipitate of cupric hydroxide initially formed may not 
redisBolve completely. 

Solution A: cupric sulphate pentahydrate (69-28 g) is dissolved and diluted to 
100 ml in distilled water. 

Solution Bi sodium potassium tartrate tetrahydrate (346 g) and sodium hydroxide 
(100 g) are dissolved in distilled water and diluted to 100 ml. 

4.2 Standard invert sugar solution, 1 g invert sugar/100 ml: stock solution prepared 
as described. 

Dissolve 23.750 g pure sucrose in about 120 ml distilled water, add 9 ml 
hydroohlorio acid (e.g. 1.16) and allow to stand at room temperature for 8 days. 
Make up the solution to 250 ml and cheok for completion of hydrolysis by a sacchari- 
meter reading. Dilute 200 ml of the 10 percent solution of invert sugar thus obtained 
and add, with swirling, sufficient sodium hydroxide so that the solution, if diluted to 
2000 ml, would have an acidity of about 0.001 ■ in respect of hydrochloric acid. After 
this addition, add a solution of 4 g benzoic acid in warm water, cool the whole and 
make up to 2000 ml to give a 1 percent solution of invert sugar in a 0.2 percent 
solution of benzoic acid. This stable stock solution should be diluted immediately 
before use. 

4.3 Invert sugar solution, 0.5 g invert Bugar/lOO ml: this solution, prepared 
immediately before use, is used for the standardization of the Fehling's solution. 
50 ml of the stock solution (4.2) are transferred with a pipette to a 100 ml 
graduated flask and made up to the mark with distilled water. 

4.4 Methylene blue indicator, 1 g/lOO ml:pure methylene blue (l g) is dissolved and 
diluted to 100 ml using distilled water, and then filtered. 

5. Procedure 

5.1 Standardization of the Pehling' ■ solution 

The copper content of the Fehling's solution prepared as described above (4«l) 
varies slightly from one solution to another and must therefore be adjusted to 
correspond with the tables used. 

Using the standard method of titration (5«4), 25 ml of the Fehling's solution 
should require 24.80 ml of the invert sugar solution, containing 0.5 g invert sugar/ 
100 ml, corresponding to a factor of 124 mg. 

Any small adjustment required is made by the addition of a calculated amount of 
cupric sulphate or water, followed by thorough mixing. 

Another standardization should be carried out after any euoh adjustment. 

5.2 Preparation of the sugar solution 

Some non-sugars present in molasses influence the results. However, the removal 
of non-sugars by defecation and subsequent de-leading leads to irregular results and 
this procedure is not recommended. 
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Calcium present in molasses forma a complex with glucose and fructose, resulting 
in slower reaction rates and apparently low invert eugar results. The removal of 
calcium is therefore achieved by addition to the untreated molasses of a potassium 
oxalate solution followed by filtration. 1 ml or 2.4 ml of a potassium oxalate 
solution (5 g/lOO ml) i8 added to 1 g of cane molasses. This procedure may be 
replaced by adding a complexing agent such as EDTA, which forme a stronger complex 
with oalcium than do the hexoses, thus avoiding the filtration. An effective 
decrease in colour and an improved end-point are obtained. 4 "1 of an EDTA solution 
(4 g/100 ml) per g of cane molasses is tentatively recommended^. 

5.3 Preliminary test - incremental titration 

If the approximate concentration of reducing substances in the sample ie unknown, 
a preliminary titration is necessary. 

10 ml or 25 ml of Pooling's solution are pipetted into a glass flask as for t Le 
standard method (5*4). 15 nil of the sugar solution, or such larger volume as is known 
to be insufficient to reduoe the Pehling's solution, ie run into the flask. The oold 
mixture is then heated to boiling as in the standard method. 

If, after the liquid has been boiling for 10 to 15 sec. its colour shows that the 
Pehling's solution is not completely reduced, further additions are made (10 ml or 5 ml 
at a time), with a few seconds boiling after each, until it is judged unsafe to add more 
without risk of overshooting the end-point. 

At this otage, 3 or 4 drops of the methylene blue indicator are added and addition 
of tbfl Bugar solution continued, 1 ml or less at a time, at intervals of about 10 sees, 
until the indicator is completely decolorized. Usually, the total volume of sugar 
solution required is rather les6 than that required by the standard method. 

The difference rarely amounts to 1 ml and, if the titration conditions approach 
those of the standard method, the difference will be within 0.5 ml and often ouoh closer. 

Por many purposes the result is accurate enough. 

5.4 Standard method of titration 

For higher accuracy the preliminary incremental titration must be followed by a 
titration performed according to the standard method. 10 ml or 25 ml of Pehling's 
solution, according to the reducing sugars content of the sample, are pipetted into a 
glass flask. 

The burette ie rinsed and filled with the solution to be titrated. Nearly the 
whole volume required in the prrliminary incremental titration to reduce the Pehling's 
solution is run into the flask, so that only about 0.5 to 1.0 ml, but not less than 
0.5 ml, iB required later to complete the titration. A few fragments of pumioe may be 
added to prevent bumping during the boiling. 

The contents of the flask are well mixed in the cold by swirling and then heated 
to boiling on a wire gauze over the bunsen flame. A specially developed electrical 
heater may be used for this purposed 

The liquid is kept boiling at a moderate rate for 2 mins and then 3 or 4 drops of 
the methylene blue indicator are carefully added, bo that they do not touoh the sides 
of the flask. 

The titration is completed during the next minute by addition of the sugar solution, 
2 or 3 drops at a time, at intervals of about 10 sees, until the colour of the 
indicator is completely discharged and the boiling reaction liquid resumes the bright 
orange appearance, due to cuprous oxide, which it had before the indicator was added. 
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5.5 Precautions 



The titration should be completed in 3 mins from the comnencement of boiling. 



The heating device ueed for boiling the reaction mixture during the titration ie 
of prime importance when accurate results am to be guaranteed. During the whole 
time, the flask should remain on the wire gauze and boil at a moderate rate. The 
continuous emission of steam from the neck prevents atmospheric oxidation of the 
Fehling's solution or of the indicator. During additions of Bugar solution to the 
boiling liquid, the main burette tube must be kept out of the steam whilst the jet 
is brought over the mouth of the flask. 



6. Result 



From the volume of Pehling's solution used, 10 or 23 ml, the volume of sugar 
solution required and the concentration of sucrose present, the concentration of 
reducing sugars is found by reference to the appropriate table in Tables 1 to 6. 



7. REFERENCES 

1. ICUWSA, Report of the Proceedings 15th Session (l970)i Subj. 14, 
Rec. 1(a), 147 

2. ICUWSA, Report of the Proceedings 16th Session (1974): Subj. 14, 
Rec. 4, 189 

3. ICUXSA, Report of the Proceedings 16th Session (1974) I Subj. 14, 
Rec. 3, 189 

4. ICUKSA, Report of the Proceedings 16th Sen- ion (1974): Subj. 14, 
173 
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DETERMINATION OF REDUCING SUOAJffi 
TABLE 6 
LACTOSE TABLE 



For 10 ml of Pehltng' b solution For 25 ml of Pehling's solution 



ml of hydrated Laotose Anhydrous lactose Hydrated lactose Anhydrous lactose 

sugar C^jO^HgO *\&vPy\ °12«22Pl1%P C 12 H 22°11 
solution 



E^Hfl *AA\ X. T3\.k 


actor* 


mg per 

100 BU 


lac tor* 


mg per 
100 ml 


factor** 


per 
100 ml 


f.Tctor*» 


► rag per 
iuu mi 


15 


60. 3 


455 


64.9 


432 


170 C 

1(2.5 


l 1 en 
II5O 


16.5. 9 


1093 


1 A 

lo 


AA i 


4co 


f-A A 


405 


1 ( Cml 


1 A7/^ 
lO (0 




11VJ 


17 


60.2 


4U1 


Of] .u 


Jul 




1010 


10 j. 1 


960 




AH 1 


}7A 

3 (" 


/'.>! 7 
. 1 


ICO 


171 >l 

1. r 1 




1 A 
l"2»n 




1? 


/^A l 
oo. 1 


IcA 

35° 


£a 7 


340 


171 1 

1 r * • 1 


900 




Arc 
°55 


20 


00,0 


340.0 


&4.0 


323«0 


170.9 


fir j c 

654.5 


162.3 


Ai 1 A 


21 


60.0 


323.8 


64.6 


307.6 


170.6 


812.4 


162.0 


772.3 


22 


6o,0 


309.1 


f * £ 


293.6 


170.4 


774.5 


Lola □ 


735.8 


23 


67.9 


295-1 


<'4.5 


280.6 


170.2 


740.0 


161 .6 


703.0 


24 


67.9 


282.9 


64.5 


266.8 


170.0 


708.5 


161. 5 


673.1 


25 


67.9 


271.6 


64.5 


258.O 


169.9 


679.5 


I6I.4 


£ AC C 

645.5 


26 


67.9 


261.0 


64.5 


248.0 


169.7 


652.7 


161.2 


620.1 


27 


; 0 Q 

67.8 


251.1 


64.4 


238.5 


169.5 


627.9 


161.0 


596.5 


28 


67.8 


242.1 


64.4 


230.0 


169.3 


£.r\ a Q 

604»o 


160. O 


574.6 


■art 

29 


6f .0 


233.0 


C ft A 

64.4 


222.2 


169.2 


5"3.3 


1 i'n ■ r 


554.1 


30 


£7 ft 

67. 0 


226.0 


64.4 


214.7 


169.0 


563.3 


1 £r\ /; 
1d0*o 


535.1 


31 


67.8 


218.7 


64.4 


207.8 


I60.9 


r a • 1"". 

544.0 


160. 5 


Ci 7 C 

517.6 


32 


67.8 


2U.9 


64.4 


201.3 


168.8 


527.4 


160.4 


501.0 


33 


67.8 


205.6 


64.4 


195.3 


168.6 


511.0 


I60.2 


485.5 


34 


67.9 


199.7 


64.5 


189.7 


168. 5 


495.6 


160.1 


470.8 


35 


67.9 


194.0 


64.5 


184.3 


168.4 


48I.I 


160.0 


457.0 


36 


67.9 


188.6 


64.5 


179.2 


168.2 


467.3 


159.8 


443.9 


37 


67.9 


183.5 


64.5 


174.3 


168.1 


454.3 


159.7 


431.6 


Jfi 


67.9 


178.7 


64.5 


169.8 


168.0 


442.1 


159.6 


420.0 


39 


67.9 


174.1 


64.5 


165.4 


167.9 


430.5 


159.5 


409.0 


40 


67.9 


169.7 


64.5 


161.2 


167.8 


419.5 


159.4 


396.5 


41 


68.0 


165.9 


64.6 


157.6 


167.7 


409.0 


159.3 


388.6 


42 


68.0 


I61.9 


64.6 


153.8 


167.6 


399.1 
389.7 


159.? 


379.1 


43 


68.0 


158.I 


64.6 


150.2 


167.6 


159.2 


370.2 


44 


68.0 


154.7 


64.6 


147.0 


167.5 


380.7 


159.1 


361.7 


45 


68.1 


15L3 


64.7 


143.7 


167.4 


372.1 


159.0 


353.5 


46 


66.1 


146.O 


64.7 


140.6 


167.4 


363.9 


159.0 


345.7 


17 


68.2 


145.1 


64.8 


137.8 


167.3 


356.0 


156.9 


338.2 


48 


68.2 


142.1 


64.8 


135.0 


167.2 


348.3 


153.8 


330.9 


49 


68.? 


139.2 


64.8 


132.2 


167.2 


341.0 


156.8 


324.0 


50 


68.3 


136.6 


64.9 


129.8 


167.1 


334.2 


158.7 


317.5 



» mg of lactose corresponding to 10 ml of l^hling's solution. 
»* mg of lactose corresponding to 25 ml of Ashling's solution 
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CONSTANT VOLUME MODIFICATION » 

1. Scope and field of application 

The method is used for the determination of invert sugar and of invert sugar in 
the presence of sucrose. The recommendations and suggestions included in the standard 
method are also valid. 

2. Principle of method 

The principle is the same as for the standard method. The only difference lies 
in the fact that, at the end-point, the final volume, and consequently the concen- 
tration of the original Fehling's solution, are kept constant by the addition of 
a predetermined amount of water. For this reason the titration always corresponds 
to the same amount of invert sugar and allows the use of a simple formula instead of 
tables. If sucrose is present, the result must be multiplied by a suorose oorreotion 
factor. The experimental conditions, including volume and concentration of Fehling'e 
solution, time of boiling and final volume of reaction mixture, are striotly defined. 

3 . Apparatus 

As in the standard method 

4. Reagents 

4.1 Fehling'e solutions as in the standard method 

4.2 Standard invert sugar solution, 1 g invert sugar/100 mis stook solution prepared 
as described in standard method, section 4.2. 

4.3 Invert sugar solution, 0.25 g/lOO mis this solution, prepared immediately 
before use, is used for the standardization of the Fehling'e solution. 25 ml of the 
stock solution (4*2) are transferred with a pipette to a 100 ml volumetric flask 
and made up to the mark with distilled water 

4.4. Methylene blue indicator, 1 g/lOO mis see standard method, section 4.4 

5. Prooedure 

5.1. Standardization of Fehling's solution 

To 20 ml of Fehling'B solution are added distilled water (15 ml) and invert 
sugar solution 0.25 g/lOO ml (39 ml). UBing the procedure of section 5.4, the 
titration is oompleted with the invert sugar solution, 0.25 g/lOO ml. The total 
volume of invert sugar solution required should be 40 ml if the Fehling's solution 
contains the correct amount of copper (equivalent to 100 mg invert sugar). The 
Fehling's solution should be adjusted as necessary and again standardised as 
described in the standard method (section $.1) . 

5.2. Preparation of test solution 

The concentration of the test solution should fall between 250 and 400 mg 
invert sugar/100 ml. The recommendations given in section (5*2) of the standard 
method also apply. 
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5.3 Preliminary test 

A preliminary test should be carried out to ascertain the volume of water to be 
added to the 20 ml of Fehling'B solution in order to obtain a final total volume of 
75 »1 when the end-point of the titration is reached. 

Using the titration procedure of section (5.4) the following mixture is titrated: 

20 ml of Pehling's solution, 

15 ml of distilled water, 

25 ml of the test solution, and 

15 ml of distilled water. 

These last two additions correspond to the 40 ml of dilute invert sugar 
solution. 

If the reddish colour of the boiling solution persists after the addition of the 
methylene blue indicator, this indicates that the test solution is too concentrated) 
the test solution must then be discarded and a less concentrated solution used. 

If more than 50 ml of test solution, added to 20 ml of the Pehling's solution, 
are required to attain the reddish colour, this indicates that a more concentrated 
solution should be used. 

The volume of water to be added is calculated as 75 ml (total) - 20 ml 
(Pehling's solution) - volume (ml) of test solution - volume (ml) of water to be 
added. 

5.4. Titration 

Pehling's solution (20 ml) is pipetted into a glass flask? the volume of 
distilled water indicated by the preliminary teBt is then added. The burette iB 
rinsed and filled with the test solution. 

The whole volume of test solution required in the preliminary test (less 1 ml) 
is run into the flask. A few fragments of pumice are added and the contents of the 
flask are well mixed by gentle swirling. The flask is placed on a wire gauze over a 
bunsen flame and heated to boiling (for use of electrical heaters, see seotion 

5.4 of standard method). 

The liquid is kept boiling moderately fast for precisely 2 mins and then 3 or 4 
drops of methylene blue indicator are added directly into the boiling mixture. The 
mixture should assume a distinctly blue colour. 

The titration is completed in 1 min by the further addition of small increments, 
initially of 0.2 ml, then of 0.1 ml and finally of single drops until the end-point is 
reached. It is indicated by the disappearance of the blue colour of the indicator and 
the appearance of the reddish colour due to the precipitated cuprous oxide. 

5.5. Precautions 

See standard method /section (5«5.Jl7 
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6. Results 

6.1. In the absence of sucrose 

If C is the concentration (g/100 ml) of the product, for instance molasses, in 
the test solution and V is the volume (ml) of test solution used in the titration, thent 

, 1000 
invert sugar, g/100 g product - cv 

6.2. In. the presence of sucrose 

If f is the correction factor deduced from the EMMERICH table (Table 7) based 
on the amount of sucrose present, the invert sugar content is given by the formula: 

invert sugar, g/100 g product -fx 

For amounts of sucrose intermediate between two consecutive figures in Table 7> 
the correction factor is obtained by interpolation. 

REFERENCES 

1. ICUMSA, Report of the Proceedings 16th Session (1974) « Subj. 14, Rec. 2, 
189 ("Tentative" Method) 

2. ICUMSA, Report of the Proceedings 16th Session (1974) * Subj. 14, 
Appendix 4, 180 

3. EMMERICH, A., ICUMSA, Report of the Proceedings 16th Session (1974) « 
Subj. 14, Table 21, 182 
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Sucrose correction to be applied in LA5E 
and EYNON constant volume modification method 



(from A EMMERICH 3 ) 



Sucrose in 

boiling 
mixture 
(ft) 



Correction 
factor 

CO 



0.5 
1.0 

1.5 

2.0 

2.5 
3.0 

3.5 
4.0 

4.5 
5.0 

5.5 
6.0 

6.5 
7.0 

I* 5 
8.0 

8.5 

9-0 

9-5 

10.0 



0.985 
O.972 

0.964 
0.956 
0.949 
0.942 
0.936 
0.930 
0.924 
O.918 
0.913 
O.9O8 
0.903 
O.898 

0.895 
O.89I 
O.887 
0.883 
0.880 
0.876 
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Polarimetry of Suffars 

Solutions of sugars alter the plane of polarised light, to an extent depending 
on the concentration and on the sugar. Thus the concentration of a solution of a pure 
known sugar nay he determined hy comparison of the number of degrees of angle by which 
it turns the light (angular rotation) with the rotation caused by a standard solution, 
lot* that any other substance capable of rotating polarised light, including any other 
sugars, will interfere. ThiB does not prevent the use of the technique for the 
determination of sugars in mixtures. Tor example, sucrose may be determined in the 
presence of invert sugar by determination of the rotation before and after hydrolysis 
of the sucrose. The hydrolysis causes a change in rotation proportional to the 
percentage of sucrose present. If the reducing power of the mixture is also determined} 
the proportions of three sugars in admixture may be determined (e.g. see Pearson p. 136). 
The presence of salts of alkaline reaction decreases the reading by polarimetry and 
allowance for this is made in some of the formulas used to calculate results. For 
example, oorreotion is made for the amount of salt produced by the neutralization of 
hydrochloric acid used for hydrolysis. 

If a sugar exists in solution as two stereoisomers in equilibrium, but crystallises 
in only one form, then on re-solution it will require some time for the equilibrium to 
be re-established* If the two isomers have different rotatory power, as they usually do, 
the optical rotation of the solution will be changing until equilibrium is attained. 
This phenomenon is called mutarotation. In praotioe, the solution is either left 
overnight before reading, or ammonia, which like any alkali acoelerates the attainment 
of equilibrium, is added, or the neutral solution may be boiled. 

Sacchari met ers t 

In I642, Ventzke* devised a scale such that an approximately 26 percent m/v sucrose 
solution read in a 20 cm tube gave a reading of 100°. After a number of changes over 
the years, it was finally agreed in 1932 that the polarisation of the normal solution 
(26.000 g of pure sucrose dissolved in 100 ml and polarised at 20°C in a 200 mm tube, 
using white light and the dichromate filter as defined by the International Commission 
for Uniform Methods of Sugar Analysis (ICUNSA) be accepted as the baBis of calibration 
of the 100 point on the International Sugar Soale. One International Sugar Degree - 
0.34620 angular degrees. The dichromate filter is such that the percent concentration 
of the potassium diohromate multiplied by the length of the oolumn of solution in cm 
equals 9. A 1.5 cm column of a 6 percent m/v solution is normally used. 

A saccharimeter is of somewhat different design to a polarimeter. ftiartz crystals 
have a very similar rotatory power to sugars but in the opposite direction, hence by 
insertion of a quartz wedge into the light path, the rotation due to the sugar may be 
exactly cancelled. Instead of rotating the analyzer, both thiB and the polarizer are 
fixed and the percentage of sugar in saccharimeter degrees is read from the scale 
calibrated according to the distance the wedge has to be inserted in order to cancel 
the rotation of the sample. The instrument is scarcely sensitive to changes in the 
wavelength of the light used, unlike an ordinary polarimeter, because it works by this 
compensatory mechanism. Therefore, the use of white light is specified in the 
standard method and a dichromate filter is used to remove light from the violet end 
of the spectrum giving better delineation. 



• Apart from the Ventzke and Schmidt Haensch Scales, the Laurant and Soleil-Duboscq 
scales were used, in which a 16.3 percent m/v solution was equivalent to a scale 
reading of 100. 
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Factors Affecting Optical Rotation ! 

The main factors affecting the rotation of sugars are the wavelength of the 
light used, the concentration of sugar in the solution, the concentration of acid 
and salt present, temperature, solvent, clarifying agent used and if hydrolysis 
(inversion) of a higher saccharide to a monosaccharide is involved, the exact 
conditions of temperature, time and hydrolysing agent used. Thus the many formulae 
found in methods of analysis relate to particular conditions and the method must be 
followed in every detail and the correct formula relating to that method used if 
accurate results are to be obtained. It should be noted that change of optical 
rotation with change of wavelength of the light uBed, like the other factors, is 
different for different sugars, being greatest for galactose and least for rhamnose. 

Formulas taken from Joslyn (1970) correcting for the effects of concentration 
and temperature are as follows i 

20 2 
Sucrose (<1)d - + 66.435 ♦ 0.00870c - 0.000235c (o - 0-65) 

(*)£°. + 66.412 + 0.012673P - 0.0003766p 2 (p - 0-50) 

Glucose (o^) 20 - + 52.50 + 0.0188 P + 0.000517P 2 ( P - 0-35) 

- 62.032 + 0.04257c (0 - 6-32) 

Fructose (<*.)* 5 . -(88. 50 + 0.145p) (p - 2.6-18) 

D - -(88.50 + O.I5O0) - 0.00086c2) ( c - 2.6-20) 

Invert 

Sugar (d)20. _ 19 . 447 _ o.06068p + 0.000221p 2 (p - 9-68) 

- -19.415 - 0.07065c + 0.00541o 2 (c - 9-68) 
Maltose (A) 20 . 138.475 - 0.01837P (p - 5-35) 

where o is the concentration in grams per 100 ml and p the peroent by weight 
Effect of Temperature 1 (Joolyn 1970) 

Sucrose (*)* - a 20 -0.0144 (t - 20°) l 2 - 2 0°C (23.701*) 
Fructose (*)£ - -103.92 + 0.671t 13-40°C (9*) 

- -107.65 + 0.692t 9-4 5°C (23.556) 

Invert (ol)* - a? 5 ♦ (°-566 + 0.0028c) (t - 25°) 5-35°C (c - 17.21) 

- 27.0 + 0.32t 

t 

Lactose (<^)J> - 52.42 + 0.072 ( 20° - t) 
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The following table iB taken from Pearsoni 



Sugar 



Formula 



Sucrose 

Dextrose 

Dextrose 

Dextrose 

Fructose 

Maltose 

Lactose 

Invert sugar 

Invert sugar temperature 
correction 



(00B° " 66.462 + 0.0087c - 0.000235c 2 
(0L)jj° - 52.50 + 0.0l88p + O.000517p 2 

(oo5?6u - 62.032 + 0.04257c 

(oi)§j6ia » 62.032 * 0.0422p + 0.000l897p 2 

- 138.475 - 0.01837P 
(<*)B° - 138.475 - 0.01837P 
(0i)S° - 52.53 

• -(19.415 ♦ 0.070650 - O.OOO540 2 ) 
(<*)d - (»)d° + (0 ' 283 + 0 - 001 4°)( t " 20 ° C > 



c - concentration in grams per 100 ml 

p - percentage by weight 

q - percentage of water 

t - temperature (°C) 

The following table (Joelyn 1970) ehows how the specific rotation of sucrose 
varies with wavelength of the impinging light. 



Element 




oi 


Li 


670.8 


50.51 


Cd 


643.8 


55.04 


Zn 


636.2 


56.51 


Na 


589.3 


66.45 


Hg 


578.0 


69.22 


Ca 


570.0 


71.24 




546.1 


78.39 



For example, the rotation of a normal sugar solution (i.e. 26% m/v) at 20°C 
in a 200 ma tube is 34.617° at 589.25 nm (D line of sodium) and 40.763° at 546. 1 no. 
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The Clerget-Herzfeld Formula ; 

This formula is used to calculate the percentage of sucrose in a 6ample by 
measuring the rotation before and after inversion (hydrolysis) of a solution to gluoose 
and fructose (invert sugar, thjs defined as an equitnolecular proportion of the two). 
The determination was usually carried out using a saccharimeter and the results 
therefore had to be referred to the saccharimeter scale, based on a 26 percent m/v 
solution of the sample and the specific rotation of sucrose of about 66.5°. However, 
on inversion the specific rotation does not fall to zero but actually becomes negative, 
the specific rotation of invert sugar being about -20.4° and this must be multiplied 
by 1.053 as 100 g of sucrose give IO5.3 g of fructose and dextrose on hydrolysis. Hence 
the total change is about 87.5° and the reading must be multiplied by eo lhat it 

can be read off as percentage sucrose on the saccharimeter scale. In Tnft^original 
Clerget formula the reading was divided by 87.5526 or 1.3166. As explained above, 
the conditions of hydrolysis, etc. affect thS^vSlues an d Herzfeld in 1988 closely 
standardized the procedure and derived a formula of the typei 

s . 100 (P-I) 

133.2 + 0.0676 (13-m) - 0.5 (t-20) 

where ~yTT72~ represents the factor converting to the saccharimeter scale, 0.0676 (m-13) 
corrects for the total solids (m) from the original solution in 100 mis of invert 
solution, P is the rotation of the normal weight before inversion and I the rotation 
after. (Thus if 26 g of anhydrous sample are taken the correction is zero, as the normal 
weight is dissolved in 100 ml and a 50 ml aliquot is inverted and diluted to 100 al.) 
t represents temperature in 0 Centigrade. 

The factors have been re-examined by Jackson & Oillis (l?20) and Jackson and 
McDonald (1939) a nd from time to time by the succeeding Commissions for Uniform Methods 
of Sugar Analysis (1964) (1975) • See also Norrish (1967), International Critical Tables 
(1947) and Brown & Zerban (1941). These formulas apply if the exact methods given in 
official methods such as those of the AOAC and ICUI1SA are followed. In acid hydrolysis 
methods an amount of salt, equal to that produced as a result of the addition and 
subsequent neutralization of hydrochloric acid to the hydrolysed aliquot, is added to 
that portion which is not hydrolysed in order to cancel out the salt effect on the 
rotation. 



Determination of Sucrose with the Polarimeter, measuring in angular decrees; 

The very accurate work of Jackson et al (1939) was done using saccharimeters and it 
is necessary to oalculate the factors for use with an instrument reading in angular 
degrees. Since 1° on the international Sugar Scale ■ 0.34620° angular, the reading is 
simply divided by this figure and the result substituted in the formula above. 

The Inversion Division Factor, Q : 

This is an alternative method of calculation provided the angular degrees are 
read from a polarimeter illuminated by a sodium lamp. 

The Clerget-Herzfeld formula simplifies to 

S " * 56 if the ori £ inal solution contains exactly 26 percent of the 
pie and xne^readings are made at 20°C. 



Since specific rotation (a) - A£2 
ri\ _ lOOd „, a \ lOOi 

( d) Tc7 and V ■ — 
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Where d and i are the observed rotations in angular degrees before and after 
inversion of solutions of concentrations C. and C ± in g/lOO ml, 1 is the length of 
the tube in decimetres and fcd), ftl) ™ e specific rotations of the sample before 
and after inversion. 

The percentage of sucrose in the sample iB proportional to the change in 
specific rotation caused by inversion. 

i.e. * sucrose - S OC£>C ^] - Z J 

where Q is oalled the Inversion Divisor Factor, the change in speoific rotation 
of sucrose on inversion divided by 100. 

Q can be calculated from the saccharimeter formulas, e.g. for acid inversion 
at 60°C, readings at 20°c 

q . 132.56 x 0.34620 . 0.8825 
2 i 26 

The value of Q is not only affected by the factors that influence the 
Clerget-Herzf eld formulas, but also the wavelength of light used (which is always 
white light with the saccharimeter) and the presenoe of other Bubstances including 
the precipitant used. Values adopted by the SPA (1930) arei 

Zinc ferrooyanide Phosphotungstic 
precipitant acid precipitant 

Sodium light 0.8825 0.8865 

Mercury green light 1.0392 1.0439 

White light (International 2.549 2.561 

sugar Boale light) 



For impure products containing other polarizing substances such as 
raffinose, gluoose, fructose, amino-acidB etc. the determination of sucrose, by 
use only of a polarimeter, requires methods of multiple polarization of whioh 
the Clerget Method is a particular example. 

If the product does not contain raffinose, two polarizations are madet 
one direct and one after hydrolysis. The sucrose content is deduced from the 
change in polarization on hydrolysis, it being assumed that the polarizing 
impurities are not affected by the hydrolytic reagents, and behave identically 
in both measurements. 

If the produot contains raffinose, this trisaccharide is partially 
hydrolysed to fructose and melibioae under the conditions required to hydrolyse 
sucrose, and a third polarization is required, either after complete hydrolysis 
of the raffinose (and sucrose), or under some other pH conditions so as to 
produce a predictable change in the optical activity of the sugars. The sucross 
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can be deduced from two simultaneous equations involving the three polar i aat ions. 
Again it is assumed that the remaining polarizing impurities are otherwise unchanged 
by the hydrolytic reagents. 

The fate of these impurities, in either case, may not correspond to the 
hypothesis for various reasons. Other optically-active compounds may be bydrolysed 
or their rotations may be changed by the hydrolytic reagenta; the results obtained 
thus necessarily have an uncertain character. It is essential to take into acoount 
such factors as the nature of the defecant, the content of dry solids of the solution 
to be polarized and the temperature and conditions of hydrolysis. Since many 
optically-active compounds contribute to polarization, temperature corrections are 
necessarily uncertain and it is recommended that, if possible, all polarizations 
should be carried out at 20°C to avoid any temperature correction. 

The simultaneous equations for three polarizations can be solved to deduoe 
raffinose concentration, and formulas have also been proposed for deducing raffinoBe 
from two polarizations if the material is free from reducing sugars, or if the 
rotational contribution of the reducing sugars can be estimated independently. Since 
the raffinose content is very much less than the sucrose content, the uncertainties 
have a relatively greater effect on the raffinose value and none of these prooedures, 
exoept the double-enzyme method of Paine and Baloh, is recommended for estimation of 
raffinose. 

ICUM5A Official Recommendations (1964) 

(1) Determinations by multiple polarization are to employ preferably hydrolysis by 
enzymes, owing to their specific action (invertase methods for products derived from 
cane, the Paine and Balch method for products derived from beet). In default, acid 
hydrolysis may be used (the Jackson and Oillis method IV for products derived from 
cane, the Osborn and Zisoh method for products derived from beet). 

(2) In the Jackson and Oillis method IV at 60°C, the time of heating after 3 min 
agitation is to be extended to 10 min , total time of heating. 

(3) To avoid any temperature correction, all polarizations are to be carried out at 
20°c, if possible. 

(4) The concentration correction in the Clerget divisor shall be based on the total 
solids concentration, not on the sucrose concentration. 

(5) In the determination of sucrose in cane products, the solution for the invert 
polarization shall be of the same normality as that used for direct polarization. 

(6) Home's dry subacetate of lead, or its equivalent shall be used for clarification 
of cane molasses. For deleading, dry ammonium di hydro gen phosphate is recommended for 
use with the invertase method, and anhydrous potassium oxalate with the Jackson and 
Gillis method IV. 

For Cane Products 

(a) Invertase Method 

(i) Direot reading - Dissolve the double-normal weight of the substance in 
water in a 200 ml volumetric flask. (Depending on the colour multiples or fractions 
of this weight may be used and the results calculated to a basis of 26 g per 100 ml.) 
Add dry lead acetate to clarify avoiding any excess, shake, dilute to the mark with 
water, mix well and filter, keeping the funnel covered with a watch glass. Reject 
the first 25 ml of filtrate. When sufficient filtrate has collected, remove the lead 
from the solution by adding ammonium dihydrORen phosphate in as small excess as 
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possible. Mix well and filter, again rejecting the first 25 ml of filtrate. 

Pipette one 50-ml portion of the lead-free filtrate into a 100-ml flaek, dilute 

with water to the mark, mix well and polarize in a 200-om tube. The result, 

multiplied by 2 is the direct reading, P, of the formula given below. (If a 

400-am tube is used the reading equals P.) If there is a possibility of mutarotation, 

allow sufficient time for its completion. 

(ii) Invert reading - First determine the quantity of acetic acid necessary 
to render 50 ml of the lead-free filtrate distinctly acid to methyl red indicator. 
To another 50-al portion in a 100-ml voluraetrio flask, add the requisite quantity 
of acid and 5 ml of invertase solution, fill the flask with water nearly to 100 ml. 
Stand overnight (preferably at a temperature not less than 20°C), dilute to volume 
at 20°C, mix well and polarize at 20 6 C i n a 200-mm tube. Correct the polarization 
for the optical activity of the invertase solution and multiply by 2 to obtain the 
invert reading for a normal solution (i). 

Determine total solids by refractometer and multiply this figure by the 
density at 20°C to obtain total solids from original solution in 100 ml of the 
invert solution (g). 

If a rapid inversion is required, UBe 10 ml of invertase solution and stand 
in a water bath at 55~60°C for 15 Bin with occasional shaking. Cool, add sodium 
carbonate until distinctly alkaline to litmus paper, adjust to volume and polarize 
as described above. Allow the solution to remain in the tube and again determine the 
polarization. If there is no change from the previous reading, the mutarotation is 
complete. 

If it is necessary to work at a temperature other than 20°C, both polarizations 
should be made at the same temperature, which must be as close as possible to 20°C. 

Calculate the percentage sucrose, S, in the original sample from 

- 100 (P-I) , ^ 

" 132.1 - 0.0833 (13-g) - 0.53 (t-20) 

(b) Jackson and Gillis's Method IV (alternative to Method a ) 

Scope - The method is applicable in the presence of invert sugar, but inapplicable in 
the presence of optically active non-sugars which change rotation with acidity. In 
principle sodium chloride equalises the effect of hydrochloric acid on invert sugar 
present as an impurity. 

Procedure - Prepare a normal solution of the sample or a solution of such fractional 
normality as the nature of the substance will permit. Defecate, if necessary, with dry 
basic lead acetate in the usual manner, making to volume at the temperature at which the 
observations are to be made. Filter. Delead with anhydrous potassium oxalate. 

Pipette two 70-ml (or 50 ml + 20 ml of water) portions of the clear filtrate into 
two 100-ml flaeke. If preferred, 75-«l portions may be taken. 

To one portion add 2.315 g of sodium chloride or 7.145 ml of a saturated sodium 
chloride solution or 10 ml of a solution containing 231.5 g par litre; make to volume 
at the temperature at which the observations are to be made and polarize. The 
temperature ehou Id be as close to 20°C as possible. Correct the rotation to the normal 
weight of sample, P. 

The other portion is inverted either at 60°C or at room temperature. 
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Either. 



20° 



(i) add 10 ml of hydrochloric aoid (d .o 1.1029 or 24.85 Bx. at 20°C). 
Immerse in a water bath at 60°C. Agitate the solution continually for about 
3 nine and allow it to remain a total time of 10 mins. Cool quickly. 
0r» 2Q o 

(ii) add 10 ml of hydrochloric acid (d ^o 1.1029 or 24.85° Bx. at 20°c 
and allow to remain 30.8 h at 20°C, 14.6 h at 25°C or 7.1 h at 30°C. Cool. 

Make to volume and polarize at the same temperature as used for direct 
polarization. Correct the rotation to the normal weight of sample (P')» 

Calculate the percentage sucrose, 3, in the original form: 
fx) Inversion at 60°Ci 

S - 100 (P-P') _ 

132.56 - 0.0794 (13-g) - 0.53 (t-20) 

(£) Inversion at room temperature 1 

100 (P-P-) 



132.66 - 0.0794 (13-g) - 0.53 (t-20) 



For Beet Produof 

Osborn and Ziech'e Method (alternative to method (a)) 

Principle - The method involves the assumption that the material is free from 
reducing sugars (or that the contribution of these compounds to the direot 
polarization is zero) and that the optically active non-sugarB consist mainly of 
anino-aoids contributing a value N to the direot polarisation. The rotation of 
the non-sugars is considered to be zero in the acid solution after inversion but 
to be restored to its original value on neutralization. The difference between 
the invert polarization in acid and neutral solution becomes a measure of N and hence 
it is possible to deduce sucrose (and raffinose) from the three polarizations. 

Scope - Owing to variation in composition of the impurities from factory to factory, 
the ooeffioients used in the formulae giving sucross (and particularly raffinose) 
cannot rigorously have a general value but may be satisfactory to give comparative 
results in any one factory. 

Procedure - Dissolve 130 g (5 normal weights) of the sample in water in a 500-ml 
volumetric flask, defecate with baBio lead acetate, dilute to mark, filter and 
delead with ammonium di hydrogen phosphate as in invertase method. Polarize in a 
200 mm tube to obtain the direct polarization, (P). 

Pipette 50 ml deleaded filtrate and 15 ml water into each of two 100 ml 
volumetrio flasks and heat to 68-69? c in a 70°C water bath .Remove from bath and immediately 
add 10 ml of hydrochloric acid (d 2 ~o 1.1029). Allow to cool spontaneously for 2 h and 
then cool to 20°C. Dilute one sample to 100 ml at 20°C, mix, filter if necessary, 
and polarize at 20°C in a 400 mm tube to obtain the invert polarization (i). To the 
seoond sample add 1-2 drops of 0.2 peroent methyl red indicator and neutralise with 
6.34 N ammonium hydroxide, adding the ammonia very slowly while constantly whirling 
the flask. Then add exactly 1 ml in exoess, dilute to 100 ml at 20°C, filter if 
necessary and polarise at 20°C in a 400 mm tube to obtain the neutralised invert 
polarization (!')• 
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Calculate the percentage eucrose, S, in tbe original sample front 

g . 0.514 (P - N) - I 
0.835 ♦ 0.00009 P 

where V • I« - I + K, 

K - P(0.0047 + O.OOOlTv), 

v - no. of ml basic leai added per 100 ml 
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WHITE SUGAR (POLARIZATION) 

1. Soope and field of application 

The method is applicable to white sugars. 

2. Principle of method 2 ' 3 

An aqueous solution of the sugar sample (26 g, i.e. the normal weight of 
sucrose in 100 ml water) iB polarized by means of a saccharimeter which is 
calibrated to read 100°S on the "International Sugar Scale" under specified 
conditions. 

3 . Apparatu s 

3.1. Saccharimeter, calibrated with quartz plates, according to the description 
of raw sugar polarization. 

3.2. Flasks (100 ml) conforming to ICUMSA class A (see 1.4.2.1), which shall be 
individually calibrated by weighing with water at 20 + 0.1 C. Flasks whose oontente 
fall within the range 100.00 *_ 0.01 ml may be used without oorrection. Flasks whose 
contents fall outside this range shall be used with the appropriate correction to 

100.00 ml. 

3.3. Polarimeter tube, length 200 mm, conforming to ICUMSA class A. 

3«4> Cover glasses for polarimeter tube conforming to ICUMSA specifications. 

3.5. Analytical balance with an accuracy of + 0.001 g. 

3.6. Water-bath, thermostatically controlled to 20 + 0.1°C. 

4. Reagents 

4.1. Distilled or de-ionised water. 

5. Procedure 

5.1. White sugar with low colour and turbidity. 

5.1.1 Preparation of sugar solution 

The normal weight (26 + 0.002 g) of the sugar sample is weighed out and 
transferred to a flask (100 ml) by washing with distilled or de-ionised water (about 
80 ml). The sugar is dissolved by agitation without heating and water added to Just 
below the calibration mark. 

The temperature of the sugar solution is adjusted to 20 + 0.1°C by means of a 
water bath. The inside wall of the neck of the flask is dried with filter paper and 
the solution volume adjusted exactly to 100 ml with water (20 + 0.1°C) using either a 
hypodermic syringe or a pipette with a drawn-out point. The fTask is then sealed with 
a clean, dry stopper and its contents mixed thoroughly by hand-shaking. 

5.1.2 Determination of the polarization 

The polarimeter tube is thoroughly rinsed twice with two-thirds its volume 
of sugar solution and filled with the sugar solution at 20 + 0.1°C in such a way that 
no air bubbles are entrapped. 
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The tube is placed in the eacoharimeter and polarized at 20 ♦ 0.1 C. Five 

measurements are taken to 0.05°S or better. The average value ie expressed to Q 
0.01°S. In the same way the quartz control plate reading ie determined to 0.01 S. 

5.1.3 Temperature corrections 

5.1.3.1 Qaartz-wedge sacoharimeters 

Normally it is not convenient to adjust the temperature of the quartz-wedge 
compensator to 20 + 0.1°C and consequently the following equation is used to apply the 
necessary correction 

20 * 

p = r £~i ♦ 0.00014 (t - 20)_7 

20 o 
where P t is the polarization at 20 + 0.1 C, 

P is the observed polarigation at 20 + 0.1 C and 

tq is the temperature in C of the quartz-wedge compensator 

5.1.3.2 Sacoharimeters without quartz-wedge compensation 

No correction iB necessary if the procedure Ib carried out as described in 

5.1.2. 

5.1.4 Flask correction 

If a flask correction ie required (see 3.2), then the polarisation is 
corrected by adding the flask correction to the observed polarization. 

Flask correction - Actual volume of the flask - 100.00 

5.2. Sugars which are too coloured or too turbid for direct polarization. 

The sugar solution is polarized after defecating with basic lead acetate 
according to the procedure for raw sugar polarization. 

6. Result 

o o 
The result is expressed as polarization in S to an accuracy of 0.01 S. 
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Honey is the sweet substance produced by honey bees from the nectar of blossoms or 
from secretionB of or on living parte of plants, whioh they collect, transform and combine 
with specific substances, and store in honey combe -4 



Honey consists essentially of different sugars, predominantly glucose and fructc 
Besides glucose and fructose, honey contains protein, amino acids, enzyme a, organic acids, 
mineral substances, pollen and other substances, and may include sucrose, maltose, melezitose 
and other oligc— saccharides (including dextrine) as well as traces of fungi, algae, yeasts 
and other solid particles resulting from the process of obtaining honey. The colour of 

varies from nearly colourless to dark brown. The consistency can be fluid, viecous 



or partly to.,«ntirely crystallized. The flavour and aroma vary, but usually derive from the 
plant origin. 

There are various subsidiary definitions in this regional standards/as follows: 

Blossom or nectar honey is the honey which comes mainly from nectaries of flowers. 
Honeydew honey is the honey which com bp mainly from secretions of or on living parts of 
plants. Its colour varies from very light brown or greenish to almost black. 
Comb honey is honey stored by bees in the oells of freshly built broodless combs and sold 
in sealed whole combe or sections of such combs. 

Extracted honey is honey obtained by centrifuging decapped bmodless combs. 

Pressed honey is honey obtained by pressing broodlees combe with or without the application 

of aoderate heat. 



sitional Criteria 
Apparent reducing sugar content, calculated as invert sugar: 



Blossom honey, when labelled as such: 


not 


less 


than 


65* 


Honeydew honey and blends of honeydew honey and blossom honey: 


not 


less 


than 


60* 


Moisture content: 


not 


more 


than 


21* 


Heather honey (Calluna): 


not 


more 


than 


23* 


Apparent sucrose content: 


not 


more than 


5* 


Honeydew honey, blends of honeydew honey and blossom honey, 
Hubinia lavender and Bankeia menziesii honeys: 


not 




than 


10* 


Uater-insoluhle solids content: 


not 






0.1* 


Pressed honey: 


not 




than 


0.5* 


Mineral oontent(ash) : 


not 




than 


0.6* 


Honeydew honey and blends of honeydew honey and blossom honey: 


not 




than 


1.0* 


Acidity 


not 




than 


40 



milli-equivalents acid per 1000 
Diastase activity and hydroxymethylfurfural content. 
Determined after processing and blending diastase 

figure on Got he scale: not less than 8 

provided the hydroxymethylfurfural content is: not more than 40 mg/kg 

Honeys with low natural enzyme content, e.g. Citrus, 

diastase content on Gothe scale: not less than 3 



provided the hydroxymethylfurfural content is: not more than 15 mg/kg 



2/ Recommended European Regional Standard for honey. 
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The Composition of Honey 

TABLE 1 - Average composition of 490 samples of 
Characteristics measured 



honey and range of values 



Composition: 



Averaged 



Standard 
Deviation 



Range 



Moisture 



Glucose 
Sucrose 
Maltose 



Cbdetermined 

pH 

Free acid - - 



Lact one/free acid 



Diastase value 



K 2 0 ppm 

Proline mg/100 g 



percent 


17.2 


1.46 


13.4-22.9 


do 


38.19 


2.07 


27.25-44.26 


do 


3L28 


3.03 


22.03-40.75 


do 


1.31 


.95 


.25-7-57 


do 


7.31 


2.09 


2.74-15-98 


do 


1.50 


1.03 


.13-8.49 


- do 


3.1 


1.97 


.0-13.2 




1 Q1 
J« 7 ' 






nueq./kg - 


22.03 


8.22 


6.75-47.19 


- do - - 


7.11 


3.52 


.00-18.76 


. _ do - - 


29.12 


10.33 


8.68-59.49 




.335 


.135 


000-.950 




.169 


.15 


.020-1 .028 


do - 


.041 


.026 


.000-. 138 




20.8 


9.76 


2.1-61.2 




749 




95-2240 2 




40.4 




16. 1-76 ,7 2 



Composition of American Honeys, USDA Technical Bulletin No. 126 (1962) 

Unpublished data of S. Kahan, Pitelson Lab. N.Y.C. based on 33 authentic samples of 
honey. 



I 
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The standard also requires that honey has no objectionable taint absorbed during 
processing or storage, that it is not fermenting or effervescing and must not have been 
heated enough to have seriously affected the enzymes present. The acidity must not have 
been changed artificially. Ho additives or additions are permitted. 

Some of the national or regional standards promulgated in recent years differ in 
detail from the Codex regional standard: 

- U.S.S.R., GoBudarstvennyi Komitet St an dart ov (1974) 

- B.E.C. (1974) 

- Bulgaria, Standartizatsiyata i Metrologiyata (1972) 

- Sweden, Sam ling av FBrfattningar, Cirkular num., Statens (1972) 

- Central Africa, Standards Association of Central Africa (1970 

- Roumania, Roumania Ofioiul de Stat pentru Standarde (1969) 

- Israel, Standards Institution (1969) 

Honey should be heated as little as possible during processing. If the diastase 
activity is reduced and the content of 5-hydroxymethylfurfural (HHP) increased beyond 
the given limits it is considered that over-heating has taken place or the sample is 
adulterated. The use of the diastase activity to assess the degree of heating is discussed 
by Shirotori, Iwaida & Kawashiro (1968). Fini & Sabatini (1972) found that Italian 
unprocessed honeys contained an average of 13 mg/kg of HMF (490 samples), while processed 
commercial samples averaged 59 mg/kg and 21% were above the Codez regional standard limit. 
Simony an ( I • 1 ) examined 20 Russian honeys and found the HMF less than 10 mg/kg. High 
levels of BMP were originally taken to indicate adulteration with invert sugar (Piehe's 
test) but honey from tropical areas may naturally contain over 40 mg/kg. Dalzell & Singers 
(1975) report that some genuine Hew Zealand honeydew honeys did not comply with the Codex 
European regional standard. If it is desired to confirm that a honey is adulterated rather 
than that it merely has a high HHP level, a more extensive analysis is necessary (q.v.). 

The effect on honey of heating and storage is discussed by Bergel * Stuwe (1972), 
Hase et al (1973) and Borukh A Panchenko (1975). 

Details of the composition of honeys from Australia are given by Chandler et al 
(1974) and from Sicily by Pini A Sabatini (1974). Minieri & Chiaramello ( 1975) have 
published a review on honey which includes details of composition. Some examples of 
adulteration are reported by Katsuta & Hishikawa (1972). The carbohydrate composition of 
honey is reviewed by Siddiqui (1970) and that of Russian honey is desoribed by Censitskii 
(1974). 

Honey is usually levo-rotary; therefore, the polarimeter can be used to 
distinguish between natural honey and Bamples that have been blended with ordinary corn 
syrup. These samples would be dextrorotatory since com syrups contain glucose and 
higher sacoharides and their observed rotation would be about + 17 .Sucrose syrups that have 

not been inverted could also be easily detected because of their dextrorotation (Krinits 
4 Franco 1976). It is possible to adulterate honey with high fructose syrups so that the 
proportion of sugars conforms to that normally found. The sample should therefore also be 
examined for proline, ash, potassium, lactone and free acidity. Lactone and proline are 
both normal constituents of honey (see refs 1-5). Pine (1975) euggests that the potassium: 



1. Composition of Honey, £. Crane, Chap, t (Heineman, London 1975)* 

2. Bull. Pac. Agr. Tamagawa Itoiv. $7,8 (1968) p. 194-196. 

3. J. Apic. Res. 14:29-39 (1975). 

4. J. Apic. Res. 13:61-66 (1974). 

5. J. Pood Sci. Tech. (Japan) 9:270-274 (1962). 
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sodium ratio may be useful, being probably about 40 in honey* and 0.03 - 0.1 in 
isomerized high-fructose syrups. The sodium and potassium can be determined on the ash, 
using flame photometry. It is preferable to conduct the ashing procedure in platinum. 

The methods given for the analysis of sugars In honey are adequate for routine 
purposes. Takahashi A Tokumura (1968) describe the use of the Fehling-Lehmann-School 
and Furukolmen methods in conjunction with simultaneous equations to calculate the 
proportions of glucose, fructose, sucrose and maltose. Boee, Singh A Mukherjee (1975) 
use an alkaline hypoiodite titration for estimation of glucose and total reducing sugars. 

The use of OLC Cor the analysis of sugars in honey is described by Sarra A Durio 
(1974), Battaglini A Bosi (1973) and Hadom, ZUrcher A Strack (1974). HPLC is described 
by Conrad A Palmer (1976). 

The chemical analysis of honey has been reviewed by Iwaida (1970) in relation to 
Japanese standards for the product and by Ease et al (1973). See also Kiermeier A 
Koberlein (1954) and White, Kushnir A Subors (1964). 

There are very occasionally reports of toxic effects due to the ingestion of 
honey and the cause is usually traced to toxic plants from which the bees have fed. Clinch 
A Turner (1975) report the presence of a toxin, tutin in some New Zealand honeys. 

The presence of grayanotoxms in Borne Canadian honey is reported by Scott. 
Coldwell A Wilbert (1971) and an outbreak in Russia is described by Medveditskova (1969). 

GEOGRAPHICAL AND BOTANICAL SOURCE OF HONEY 

If bees have collected pollen from species of plants characteristic of a region, 
microscopical examination of the centrifuged sediment from the honey and identification of 
the characteristic pollen present permits the geographical origin of the honey to be 
determined. It also enables the microscopist to substantiate claims about the botanical 
origin - that it is heather honey, orange blossom honey and so on. In practice results 
have to be interpreted with extreme care. The proportion of pollen grains in the sample 
from different species of plant is in no way related to the extent to which the bees have 
fed from those plants. For example, citrus blossom sheds little pollen and although the 
bees may have derived the major part of the honey from citrus bloBsom the proportion of 
citrus pollen present may be extremely low. The method is still useful as there should 
be some citrus pollen present in honey from that source. The pollen of Eucalyptus spp 
has a characteristic morphology, but the trees are grown in many parts of the world and 
the presence of the pollen is no guarantee that the honey originated from Australasia, 
the only area in which Eucalyptus spp are indigenous. The vegetation from a particular 
area or region being characteristic, the pollen analysis in the honey from that region 
is also characteristic, even though the proportion of pollen grains of different types 
present is no reflection of the ecologioal pattern of the vegetation. 

The pollen of honey is usually examined in the centrifugate or sediment from 
honey diluted 1+3 with water. Many techniques have been described, the references for 
these being found in the paper by Howells (1969), who suggests staining with basic 
fuohsine. Much basic information on the microsoopical examination of honey will be found 
in the book by Hodges and in Codex/Analysis/68/10 by FAO/WHO (1968). 

The following are some of the publications on pollen from honey from a number of 
regions and countries: 

- pollen from U.K. honey, Howells (1969) 



• Landsman, S. (private communication, 1977) finds a ratio of about 3»5~ 1 in genuine honey 
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- pollen imported into U.K. from other countries, Sawyer (1975) 

- use of the Kirkwood number to distinguish honeydew from honey Schmid, (1973) 

- pollen spectrum of Sicilian honeys, Battaglini k d'Albore (1971) 

- pollen analysis of southern Bohemian honeys, Kropacova A Hedbalova (1974) 

- pollen analysis of Italian honeys, Bernardini k D'Albore (1972) 

- cheaioal composition and pollen spectrums of Spanish honeys, Peres & Rodriguez (1970) 

- suggested means of classification of pollen grains, James (1969) 

- Microscopic Examination of Honey, Codex/Analysis/68/10 March 1968 FAO/WHO 

Honey may be subjected to proximate analysis - glucose, fructose, sucrose, ash 
and moisture. It's genuineness and rpiality is also accessed from HMF, free acid and pH, 
lactone, protein , potassium/sodium ratio, diastase value and traditionally, the fructose/ 
dextose ratio 106-119 : 100 in genuine honey and less than 90:100 in artificial honey. 

Reducing sugars in honey should be determined by the constant volume modification 
of the Lane & Efcmon titratian or one of the other copper reduction methods. The sample 
may be defecated with alununa cream, prepared as follows :- 



Prepare a cold saturated solution of alum (K-SO Al,(50 ). ) .24H o 0) in water. Add 
annonium hydroxide with constant stirring until the ablution is alkaline to litmus, let 
precipitate settle and wash by decantation with water until wash-water gives only slight 
test for sulfate with barium chloride solution. Pour off excess water and store residual 
cream in stoppered bottle. 



Sampling may be carried out as follows: 



1. Liquid or Strained Honey 

If sample is free from granulation, mix thoroughly by stirring or shaking; if 
granulated, place closed container in water-bath without submerging and heat 30 min. at 
60 C; then if necessary heat at 65 C until liquefied. Occasional shaking is essential. 
Nix thoroughly and cool rapidly as soon as sample liquefies. Bo not heat honey intended 
for Hydroxymethylfurfural or diastatic determination. If foreign matter, such as wax, 
sticks, bees, particles of comb, etc. is present, heat sample to 40 C in water-bath and 
strain through cheeBe-cloth in hot-water funnel before sampling. 

2. Comb Honey 

Cut across top of comb, if sealed, and separate completely from comb by straining 
through a sieve with square openings of 0.500 mm by 0.500 mml/ ^/ . When portions of comb 
or wax pass through the sieve, heat sample as above and strain through cheesecloth. If 
honey iB granulated in comb, heat until wax is liquefied; stir, cool and remove wax. 

la Preparation of teat sample - first procedure (applicable to honeys which contain 

sediment ) . 

(a) Transfer an accurately weighed sample of approximately 25 g from the homogenized 

honey to 100 ml volumetric flask, add 5 ml alumina cream, dilute to volume with water at 
20 C and filter. 

1/ Ref. ISO Reconmendation R.565 

%J such a siave could be reolaced bv U.S. sieve with Ho. 40 Standard Screen (size of 
opening 0.420 mm). 
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(b) Dilute 10 ml of this solution to 500 ml with distilled water (diluted honey 
solution. 



2. Preparation of test sample - second procedure 

(a) Weigh accurately a representative quantity of about 2 g of the homogeneous honey 
sample, dissolve in distilled water and dilute to 200 ml in a volumetric flask (honey 
solution). 

(b) Dilute 50 ml of the honey solution to 100 ml using diBtilled water (diluted honey 
solution). 

REFERENCES 

- Lane, J.H. A Eynon L. (192}), J. Soc. Chem. Ind. 42, 32T, 143T, 463T. 

- CAC Regional Standard for Honey CAC/RS 12-1969. 

- Iwaida, M. ; Ebine, R. A Tammura, A. (1973), Bulletin of the Kational Institute of 
Hygienic Sciences (Eisei Shikenjo Hokoku) 91, 47-50. 
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DEXTROSE 

PRINCIPLE 

Dextrose is estimated iodometrically, total reducing Bug are by * oopper reduction 
method and the fructose obtained by difference. 

SAMPLING 

The honey is prepared for sampling as in the determination of reducing sugars. 
REAGENTS 

1. 0.1M iodine 

2. 0.2M sodium bicarbonate/carbonate solution. Dissolve 1 6 .8 g sodium bicarbonate 
and 21.2 g sodium carbonate in water and dilute to 1 litre. 

3. Sulphuric acid 29J6, V/V. 

4. Sodium thiosulphate 0.1M. 
PROCEDURE 

Dilute 2 g to 250 ml and estimate total reducing sugars by one of the standard 
procedures • 

To determine dextrose, to 25 ml of the honey solution add by pipette a volume of 0.1M 
iodine at least twice that required for the reaction followed by 100 ml of sodium 
bicarbonate/carbonate solution. Leave in the dark for 2 hours, acidify with 12 ml of 2$ 
sulphuric acid and titrate with 0.1M thiosulphate solution. Carry out a blank at the same 
time. The difference between the two titrations represent the dextrose. 

CALCULATION 

1 ml 0.1M iodine ■ 0.009005 g dextrose 
Fructose ■ total reducing sugars - dextrose 



- Auerbaoh P. A D8dlander E. 1824 Zeitschrift fur Untersuchung der lfahrungs - u. Genussmittel 

11 233 

- The AOAC determines the fructose by polarmetry at 87 °C 
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APPARENT SUCROSE 

ecu tent in hcwey 

PRINCIPLE 

Based on the Walker (1917) inversion method. 

REAGENTS 

1. Soxhlet modification of Fehling' s solution 

2. Standard invert sugar solution 
3* Hydrochloric acid (6.34 M aqueous) 
4* Sodium hydroxide solution (5 M aqueous) 
5« Methylene blue solution 2 g/l 

SAMPLING 

The honey is prepared for sampling as in the determination of reducing sugars. 
PROCEDURE 

1 . Preparation of test sample. 

Prepare the honey sample as in the determination of reducing sugarB (first 
procedure) hut dilute 10 ml of this solution to 250 ml with distilled water (not 500 ml): 
OR prepare the honey solution as in the determination of reducing sugars (second 
procedure). 

2. Hydrolysis of the test sample. 

The honey solution (50 ml) is glaced in a 100-ml graduated flask, together with 
25 ml distilled water and heated to 65 C over a boiling water-bath. The flask is then 
removed from the water-bath and 10 ml of 6.34 M hydrochloric acid added. The solution is 
allowed to cool naturally for 15 minutes and then brought to 20 C, neutralized with 5 
M sodium hydroxide, uair : litmus paper as indicator, cooled again and the volume 
adjusted to 100 ml (diluted honey solution). 

3. Titration 

As in the determination of reducing sugars. 

CALCULATION AND EXPRESSION OF RESULTS 

Calculate percent invert sugar (g invert sugar per 100 g honey) after inversion 
using the same formula as for percent invert sugar before inversion in the determination 
of reducing sugars. Apparent sucrose content - (invert sugar content after inversion 
minus invert sugar content before inversion) x 0.95. 

The result is expressed as g apparent Bur.roae/100 g honey. 

REFERENCES 

- CAC/RS 12-1969. 

- Walker, H.S. (1917), J* Ind. Eng. Chem. 2, 490. 



as from previous method 
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PRINCIPLE 

Based on the refract ometric method of Chataway (1932), revised by Wedmore (1955). 

APPARATUS 

Refract ometer 

SAMPLHTC 

The honey is prepared for sampling as in the determination of reducing sugars. 

PROCEDURE 

Determination of the refractive index 

Determine the refractive index of the test sample using a refractoraeter at a 
constant temperature near 20 C. Convert the reading to moisture content (percent m/m) 
uning the table given below. If the determination is mage at a temperature other than 
20 C, convert the reading to standard temperature of 20 C, according to the temperature 
corrections quoted. The method used should be noted in the test report. 

TABLE FOR THE ESTIMATION OP MOISTtFE CONTEST 



Refractive Moisture Refractive Moisture Refractive Moisture 
Index Content Index Content Index Content 

(20°C) (percent) (20°C) (percent) (20°C) (percent) 



1.5044 


13.0 


1.4935 


17.2 


1 .4830 


21.4 


1.5038 


13.2 


1 .4930 


17.4 


1 .4825 


21.6 


1.5033 


13.4 


1 .4925 


17.6 


1 .4820 


21 .8 


1.5028 


13.6 


1 .4920 


17.8 


1.481 5 


22.0 


1.5023 
1.5018 


13.8 


1.4915 


18.0 


1.4810 


22.2 


14.0 


1.4910 


18.2 


1.4805 


22.4 


1.5012 


14.2 


1 .4905 


18.4 


1.4800 


22.6 


1.5007 


14.4 


1.4900 


18.6 


1 .4795 


22.8 


1.5002 


14.6 


1 .4895 


18.8 


1 .4790 


23.0 


1 .4997 


14.8 


1.4890 


19.0 


1.4785 


23.2 


1 .4992 


15.0 


1 .488 5 


19.2 


1 .4780 


23.4 


1 .4987 


15.2 


1.4880 


19.4 


1.4775 


23.6 


1 .4982 


15.4 


1 .4875 


19.6 


1 .4770 


23.8 


1 .4976 


15.6 


1 .4870 


19.8 


1 .4765 


24.0 


1.4971 


15.8 


1 .4865 


20.0 


1.4760 


24.2 


1 .4966 


16.0 


1 .4860 


20.2 


1 .4755 


24.4 


1.4961 


16.2 


1 .4855 


20.4 


1.4750 


24.6 


1 .4956 


16.4 


1 .4850 


20.6 


1 .4745 


24.8 


1 .4951 


16.6 


1 .4845 


20.8 


1 .4740 


25.0 


1.4946 


16.8 


1.4840 


21.0 






1 .4940 


17.0 


1 .4835 


21.2 







Temperature corrections - Refractive Index; 

Temperatures above 20°C - Add 0.00023 per°C 
Temperatures below 20°C - Subtract 0.00023 per°C 
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- CAC/RS 12-1969. 

- Wedmore, B.B. (1955), Bee World, 36, 197. 

- Chataway, H.D. (1932) Canad. J. Res. 6, 540; (1933) Canad. J. Res. 8, 435; (1935) Canad. 
Bee J. 43 (8) 215 only. 

White, J.W., Jr. (1969), Journal of the Association of Official Analytical 
Chemists (4) 729-37 has reviewed the physical and chemical methods available for the 
determination of moisture in honey and points out that Wedmore' s interpretation of 
Chataway's speoific gravity results is based on a misconception. 

The moisture of honey can also be determined by drying on sand under vacuum 
( < 50 mm Hg) at 60 C. 
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WATER-IN SOLUBLE 
SOLIDS CONTENT OF 
HONEY, (SAVI METRIC 
METHOD 

SAMPLING 

The honey is prepared for sampling as in determination of reducing sugars in 

honey. 
PR OC ED IRE 

Preparation of test Baraple 

Heigh about 20 g honey to the nearest 0.01 g, dissolve in a suitable quantity 
of distilled water at 80°C and mix well. 

Gravimetric determination 

Filter through a previously dried and weighed fine sintered glass crucible (pore 
Bize 15-40 microns) and wash thoroughly with hot water (8o°c) until free from sugars 
(Mohr teBt). Dry the crucible for one hour at 135°C, cool and weigh to the nearest 0.1 mg. 

CALCULATION 

The result is expressed as percent water-insoluble solids (m/m). 

REFERENCE 

- CAC/RS 12-1969. 
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FREE ACIDITY 
IU HONEY 

PRINCIPLE 

The sample is titrated with alkali to the phenolphthalein end-point. 

REAGENTS 

1. Sodium hydroxide 0.1 M (carbonate-free) 

2. Phenolphthalein indicator 1 peroent (m/v) in ethanol, neutralized. 

3. Distilled water made carbon dioxide free by boiling and subsequent cooling. 
PROCEDURE 

Prepare the honey for sampling as in the determination of reducing sugars. 

Weigh the honey accurately (10.0 g) and dissolve in 75 "1 of distilled water. 

Titrate against carbonate-free 0.1 M sodium hydroxide solution using 4-5 drops 
of neutralized phenolphthalein indicator. The end-point colour should persist for 10 
seconds. For darkly coloured samples, a smaller weight should be taken. As an alternative, 
a pH meter may be used and the sample titrated to pH 8.3 

CALCULATION AND EXPRESSION OF RESULTS 

The result is expressed as millival (milliequivalents) acid/kg honey and is 
calculated as follows: 

Acidity - 10v 

where v - the number of ml 0.1 M NaOH used in the neutralization 
of 10.0 g honey 

REFERENCE 

- CAC/RS 12-1969. 
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DIAS TASE ACTIVITY 
OP HONEY 

PRINCIPLE 

Based on the method of Schade et al ( 1958) modified by White et al (1959) and 
Hadorn (1961). 

APPARATUS 

1. Water-bath at 40 ♦ 0.2°C. 

2. Spectrophotometer to read at 660 nra. 
REAGENTS 

1 . Iodine aolution 0.00035 M; 

Dissolve 8.8 g of iodine analytical grade, in 30-40 ml water containing 22 g 
potaBsium iodide, analytical grade, and dilute to 1 litre with water. 

2. Iodine solution 0.0007 M; 

Dissolve 20 g potassium iodide, analytical grade, in 30-40 ml water in a 500-ml 
volumetric flask. Add 5.0 ml iodine atock solution and make up to volume. Make up a 
fresh solution every second da/. 

3. Acetate buffer - pH 5.j (1.59 M); 

Dissolve 87 g sodium acetate trihydrate in 400 ml water, add about 10*5 ml 
glacial acetic acid in a little water and make up to 500 ml. Adjust the pH to 5.3 with 
sodium acetate or acetic acid as necessary, using a pH meter. 

4. Sodium chloride solution 0.5 M; 

Dissolve 14.6 g sodium chloride, analytical grade, in boiled-out distilled 
water and make up to 500 ml. The keeping time is limited by mould growth. 

5. Starch aolution; 

Use a starch with a blue value between 0.5 - 0.55 using a 1 cm cell, aB 
determined by the method below. 

Weigh out that amount of starch which is equivalent to 2.0 g anhydrous starch. 
Mix with 90 ml of water in a 250-ml conical flask. Bring rapidly to the boil, swirling 
the solution as much as possible, heating over a thick wire gauze preferably with an 
asbestos centre. Boil gently for 3 minutes, cover and allow to cool spontaneously to 
room temperature. Transfer to a 100-ml volumetric flask, place in a water bath at 40 C 
to attain this temperature and make up to volume at 40 C. 

Method for determining blue value of starch: 

The amount of starch equivalent to 1 g anhydrous starch as prepared by the above 
method is cooled and 2.5 ml acetate buffer added before making up to 100 ml in a 
volumetric flask. 

To a 100-ml volumetric flask add 75 ml water, 1 ml N Hydrochloric acid and 
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1.5 ml of 0.01 M iodine solution. Then add 0.5 ml of the starch solution and make up to 
volume with water. Allow to stand for one hour in the dark and read in 1 cm cell using a 
spectrophotometer at 660 nm against a blank containing all the ingredients except the 
starch solution. Reading on the absorbance scale - Blue value. 

PROCEDURE 

The honey sample is prepared as in determination of reducing sugars without any 

heating. 

Weigh 10.0 g honey into a 50-ml beaker and add 5.0 ml acetate buffer solution 
together with 20 ml water to dissolve the sample. Stir until dissolved. Do not warm. Add 
3.0 ml sodium chloride solution to a 50-ml volumetric flask and transfer the dissolved 
honey sample to this and adjust the volume to 50 ml. 

N.B. It is essential that the honey should be buffered before coming into contact 
with sodium chloride. 

Standardization of the Btarch solution ; 

Warm the starch solution to 40 C and pipette 5 ml into 10 ml of water at 40°C 
and mix well. Pipette 1 ml of this solution into 10 ml 0.00035 M iodine solution, diluted 
with 35 ml of water and mix well. Read the colour at 660 nm against a water blank using 
a 1 cm cell. The absorbance should be 0.760 + 0.020. If necessary the volume of added 
water is adjusted to obtain the correct absorbance. 

AtiBorbeir.ee determination 

o 

Pipette 10 ml honey solution into 50 ml graduated cylinder and place in 40 C + 
0.2 C water bath with flask containing starch solution. After 15 minutes, pipette 5 ml " 
starch solution into the honey solution, mix, and Btart stop-watch. At 5 minute intervals 
remove 1 ml aliquot 9 and add to 10.00 ml 0.00035 M iodine solution. Mix and dilute to 
standard volume. Determine absorbance at 660 nm in spectrophotometer immediately using 
1-cm cell. Continue taking 1 ml aliquots at intervals until absorbance of less than 
0.235 i* reached. 

CALCULATION AND EXPRESSION OF RESULTS 

The absorbance is plotted against time (minutes) on rectilinear paper. A straight 
line is drawn through at least the last three points on the graph to determine the time 
when the reaction mixture reaches an absorbance of 0.235* Divide 300 by the time in 
minutes to obtain the diastase number (DN). This number expresses the diastasg activity 
■is ml % starch solution hydrolysed by the enzyme in 1 g of honey in 1 h at 40 C. This 
diastase number corresponds with the Got he scale number. 

Diastase activity • DN - ml starch solution (1 percent )/g hnney/h at 40°C. 

REFERENCES 

- CAC/RS 12-1969. 

-White, J.W., Pairent, F.W., (1959), J.AOAC, 42, 344. 

- Hadorn, H. (1961), Mitt. Oebiete Lebensm. u. Hyg., 52, 67. 

- Sohade, J.E., Marsh, Q.L., Eckert, J.E. (1958), Food Research, 23,446. 
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Kerkvliet, J.D., Putten, A.P.J. van der (1973), Zeitschrift fur Lebenemittel- 
Untersuchurig und Forsohung (2) 87-92, have made a comparative otudy of the various methods 
available for the determination of diastase activity in honey. They point out that not all 
give similar answers and recommend use of the Codex method gi\ 
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H Y ORQX YKETHYLFURFURAL 
(HHP) CONTENT OP HONEY 

PRINCIPLE 

Based on the method of Winkler (1955). 

APPARATUS 

1. Spectrophotometer to read at 550 run. 

2. Water bath. 
REAGENTS 

1. Barbituric acid solution: weigh out 500 mg barbituric acid and transfer to a 
100-ml graduated flask UBing 70 ml water. Place in a hot water bath until dissolved, cool 
and make up to volume. 

2. p-toluidine solution: Weigh out 10.0 g p-toluidine, analytical grade, and 
dissolve in about 50 ml isopropanol by gentle warming on a water bath. Transfer to a 
100-ml graduated flask with isopropanol and add to 10 ml glacial acetic acid. Cool and 
make up to volume with isopropanol. Keep the solution in the dark. Do not use for at 
least 24 hours. 

3. Distilled water (oxygen free): Nitrogen gas is passed through boiling distilled 
water. The water is then cooled. 

PROCEDURE 

The honey is prepared as in the determination of reducing sugars but without any 

heating. 

Weigh 10 g of the honey sample and dissolve without heating in 20 ml oxygen-free 
distilled water. Transfer to a 50-ml graduated flask and make up to volume (honey solution). 
The solution sample should be tested after preparation without delay. 

Photometric determinations 

Pipette 2.0 ml of honey solution into each of two 25 mm diameter test tubes and 
add 5.0 ml p-toluidine solution to each. Pipette into one test tube 1 ml water and into 
the other 1 ml barbituric acid solution and shake both tubes. The one with added water 
serves as the water blank. The addition of the reagents should be done without delay and 
should be finished in about 1-2 minutes. 

Read the extinction of the sample against the blank at 550 nm using a 1-cm cell 
immediately the maximum value is reached. 

CALCULATION AND EXPRESSION OP RESULTS 

The method may be calibrated by using a standard solution of hydroxymethyl- 
furfural (HHP), standardized by dissolving commercial or laboratory Dreoared HMP 
and assaying spectrophotometrically using E - 21,215 (J.H. Turner, 1954) at 282.5 nm, 
using standards containing O-^OO microflp-aniB . 

Results are expressed as m^ HMF/k* hone 

It is now generally accepted that measuring the absorbance at 282.5 nm does not 
givea reliable indication of the HMF.Dhar and Roy (197?) state that some form of clean-up 
prior to quantification is necessary and recommend the use of a column of activated 
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charcoal. Dhar, Dastidar ft Roy ( 1975) describe a TLC method and use the limit of 40 mg/kg 
above which they assume the presence of invert sugar as an adulterant or that the honey has 
deteriorated due to faulty or prolonged storage. 

REFERHICE 

Winkler, 0. Z. Lebensm ttel-ttitersuchung. 1955 J02 () ) 166-167. 
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LACTONE AND 
TOTAL ACIDITY IN 
HONEY (ELECTRO- 
METRIC METHOD) 



PRINCIPLE 



The sample is titrated into sodium hydroxide to obtain the free acidity. Sodium 
hydroxide is added to hydrolyse any lactone present and the excess immediately back- 
titrated with hydrochloric acid. The total aciditv is calculated as free acidity plus 
lactone in milliequivalents per kilogram. 

APPARATUS 

1. pH meter. 



1 . 0.05 M NaOH 

2. 0.05 M HC1 
PROCEDURE 

Dissolve 10 g of sample in 75 ml of carbon dioxide-free water in a 250 ml beaker. 
Stir with a magnetic stirrer, immerse the electrodes of the pH meter in the solution and 
record the pH. Titrate with 0.05 M NaOH at a rate of 5 ml/minute, until the pH reaches 
8.5. Record the burette reading. Immediately add by pipette 10 ml of 0.05 M NaOH and 
immediately back-titrate with 0.05 M HC1 from a 10-tnl burette until the pH reaches 8.3. 

CALCULATION 

1000 

Free acidity - (ml of 0.05 M NaOH to bring solution to pH 8.5-blank) x 0.05 * 10 
(as 1 ml 0.05 1 contains 0.05 milli-equivalents) . 

Lactone - (10.00 - titre of 0.05 M HC1 in ml) x 0.05 x -fg!- 

Total acidity - free acidity + lactone, all results being expressed as milli- 
equivalents of acid per kilogram of honey. 



- AOAC 12th Edition (1975) 31.146. 



i 
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DEXTROSE (GLUCOSE) 
IB HCHET 

(ENZYMATIC METHOD) 

PRINCIPLE 

Colour development and measurement of enjyme hydrolyaed honey solution. 

APPARATUS 

Spectrophotometer . 

REAGENTS 

a. Tris(hydroxymethyl)aminomethane (e.g. "Sigma 7-9" Sigraa Chera. Co., St. Louis 
No. USA) 

to. Glucose oxidase - Crude. (Sigma Chemical Co.) 

c. Peroxidase - Type I, Horseradish. (Sigma Chemical Co.) 

d. o-Tolidine dihydrochloride. - White label (Eastman Organic Chem) 

e. Dextrose - Purified anhydrous (NBS, Standard Sample 41 ): 

Dissolve 30-35 mg (to 0.1 mg) dextrose in 200 ml distilled water in a 
volumetric flask 

f. Tris buffer, pH 7.6: Add 384 ml 0.8* HC1 to 500 ml 0.8M Tris soln, adjust to 
pH 7.6 if necessary, and make to 1 litre 

g. Glucose oxidase reagent: Into an amber glass bottle filter a solution of 120 
mg glucose oxidase and 32 mg peroxidase in 400 ml Tris buffer. Into the same 
bottle filter a solution of 270 mg o-tolidine-dihydrochloride in 520 ml of 
water. Mix, store in refrigerator overnight before use. Reagent is stable for 
6 weeks under refrigeration; filter off orystals that may form 

PROCEDURE 

Weigh (to 0.1 mg) 0. 98-1.02 g honey. (The following treatment must toe carried 
through the heating and cooling procedure with one sample at a time immediately after it 
is first dissolved). Dissolve the sample in Mater, transfer into a 100 ml volumetric flask, 
and make to volume. Dilute a 5.0 ml aliquot to 100 ml in a volumetric flask and plaoe 
three 18 mm test tubes containing 2.0 ml aliquots of the diluted solution together with 
2 such test tubes containing 2.0 ml of the standard solution into a boiling water bath 
for 2 minutes. Cool in a water bath, wipe dry, and allow to cool to room temperature. Add 
5.00 ml glucose oxidase reagent (brought to room temperature) to tubes. Let stand for 60 
minutes, then add 0.1 ml 4M HC1. Allow colour to develop for 60 minutes then determine 
absorbance at 5°0 run in 1 cm cells. Colour is stable after 1 hour. 

CALCULATION 

A. average the absorbanceB of the samples - Au 

B. average the absorbances of the standards - As 

i glucose - *J x mg glucose weighed x wigfaed 

REFERENCE (jAQAC ^ 488-499 (1969)) 
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PROLINE IF HONEY 

APPARATUS 

Spectrophotometer . 

REAGENTS 

a. Fornio acid 

b. Ninhydrin - yf> soln (w/v) in methyl celloeolve 

c. Proline Std. - in H-0 (deionised) 40 mg to 25.0 ml; then 1 ml to 25.0 ml. 
( use 0.5 ml in procedure) 

PROCEDURE 

Dissolve 5.0 g honey in 50 ml H_0, quantitatively transfer to 100 ml volumetric 
flask, make to mark, stopper, and mix well. Use 0.5 ml per determination. Dilute sample 
(0.5 ml, prepared above) and 0*5 ml of standard are placed in separate 20 ml screw-capped 
vials and 0.25 "1 ot formio aoid and 1.0 ml of jf> ninhydrin solution are then added to 
eaoh vial. The vials are tightly capped and plaged in a boiling Mater bath for 15 min. 
The vials are then cooled in a water bath at 70 for 5 to 10 min. While cooling, add 
5.0 ml of 1:1 isopropanol-water soln; continue cooling and develop colour for at least 1/2 
hour. Scan spectra from 6 00 to 450 nm and take absorbance readings at maximum ca 5 1 2 nm. 
(Readings should be taken before an hour has elapsed). A blank using 0.5 ml H_0 is also 
carried through the procedure. 

CALCULATION 

mg Proline/100 g honey - ^ x mg std x 16 

weighed g of honey weighed 

Au • absorbance of sample aliquot 

As - absorbance of standard aliquot 

mg std weighed - oa 40 mg (stock soln) 

16 - product of dilution factors 

g honey - ca 5.0 g 

REFERENCES 

- J. Food Sci. i4. 228 (1969). 

- Krinits 1 & Franco, V., Laboratory Information Bulletin FDA 1 5/2/76. 
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CHOCOLATE 

Recommended standards for chocolate are laid down in CAC/RS 87-1976. Those for 
cocoa butters in CAC/RS 86-1976. The Office International du Cacao et du Chocolat (OICC) 
publish a collection of methods of analysis. 
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C.3. FISH, MEAT AND POULTRY 



Fish and Shellfish 

Pish and shellfish tend to accumulate heavy metalB, other toxic elements and 
stable fat-soluble organic compounds such as organochlorine pesticides. The extent 
to which an element is accumulated varies with the species of shellfish. Total 
mercury and organochlorine pesticides are contaminants which should be looked for 
routinely in fish. GLC procedures (Pearce et al, 1976 ; Teeny, 1975; Schafer et al, 
1975; Kacpurzak and Chvojka 1976) oust be used for the determination of methyl- 
mercury in fish, but 80-90 percent is present in this more toxic form eo that total 
mercury determinations by cold-vapour atomic absorption spectrophotometry or the 
dithizone colorimetric procedure are adequate to assess this element for routine 
purposes. Elements that can be accumulated by some species of fish and shellfish 
include mercury, oadmium, sine, copper and arsenic. Thrower and Eustace (1973) 
describe the uptake of heavy metals by oysters and subsequent determination in the 
flesh. 

In canned fish products, as other canned goods, the condition of the can should 
be checked, as detailed in the section on canned foods. Contamination by toxic elements 
may be acquired during shelf life, or from deterioration of the can. Canned products 
should be examined for tin and lead. 

These elements may be determined by the methods given in the chapter on 
contaminants. Uthe et al (1974) have compared wet and dry ashing methods for the 
determination of arsenic. Papers on the determination of lead in fish include those 
of Gajewska et al (1976a, 1976b), the latter using dithizone. Pearse (1976) and 
Teeny (1975) describe the digestion of samples for determination of total mercury by 
AAS, as well as the GLC of met by 1 mercury . Nabrzyski (1975) describes the determination 
of mercury, copper and zinc by dithizone. 

Organochlorine pesticides are usually determined on fat extracted from the fish 
after suitable clean-up procedures. This is described aB part of the general 
methodology for pesticide residues (see 'Contaminants'). Hathula (1974) describes 
an improved clean-up procedure. 

Mirex residues in fish may be determined by the methods of Berthwick et al (1974) 
and Hawthorn et al (1974). Neff and Anderson (1975) describe a U-V method for 
determining naphthalenes in oil - contaminated fish. 

Antibiotics have occasionally been uBed to delay bacterial spoilage of fish 
between catching and landing, a practice not generally recommended. Ma and Morris 
(1965) describe a microbiological method reproduced in Hart and Fisher (1971), for 
the determination of ohlortetracycline in suoh fiBh. Perna (1973) and McCracken 
et al (1976) describe methods for some other antibiotics. 

The identity under which fish or shellfish has been sold may come into question. 
If the fish cannot be identified unequivocally from the morphology, microscopical 
examination of the scales and disc electrophoresis of the proteins are UBed. The 
AOAC gives a key, with photographs of scales, for the identification of canned 
salmon. For shrimps and prawns see the monograph by Finobam & Wickins (1976) and the 
Report of the Government Chemist (U.K.) for 1975« 
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The CAC^ recommended standard for quick frozen gutted Pacific Balmon giveB the 
different epeciee to which this trivial name may be applied. The standards U > 1/ for 
cod, haddock: and ocean perch do likewise and specify that the additives phosphate and 
aecorbate should not be present in excess of 0.5 percent as P2O5 and 0, 1 percent as 
ascorbic aoid and their presence must be declared. 

The drained weight should be determined .if this is feasible. For example, the 
CAC standard for canned shrimps and prawns 3/ sets a minimum of 60 peroent m/m drained 
weight (2 minutes on a sieve of 2.8 x 2.8 mm square holes). Alternatively, for 
products canned in oil, the amount of oil may be deoanted and measured. The identity 
of the oil should be checked against any olaim made on the label by carrying out the 
identity teste detailed under "oils and fats", as well as ohecking for rancidity. 
Semi-preserved fish may be examined for salt, total aoidity and volatile acidity. 

Aflatoxins have been reported in fermented fish products, dried fish and fish 
sauces. 

The fish content of products is determined by the Stubbs 4t More method as for 
meat products, but the nitrogen oontent of many fish species varies considerably and 
the determination is correspondingly less accurate. Pearson gives the large number of 
nitrogen factors published by the U.K. Analytical Methods Committee of the Society for 
Analytical Chemistry (1966, 1971 1 1973). 

The phospholipid content of the fat in fatty fish iB fairly high and the 
chloro form-met hanol method of Bligh St. Dyer will therefore give higher results than an 
ether extraction. The ohloroform-methanol extract is suitable for the determination of 
rancidity values if these are required. King A Ryan (1976) have described a method 
for determining shrimp in shrimp cocktail. 

Canned fish may contain crystals of struvite, magnesium ammonium phosphate, 
which is harmless, but looks like glass and can be the subject of complaint. The 
crystals will dissolve in dilute aoid and give the usual tests of qualitative inorganio 
chemistry. Microscopic examination will demonstrate the presence of glass which does not 
show up between crossed polaroids. It may be possible to beat a glass fragment sufficiently 
to melt an edge and confirm that this has taken place by re-examination under the micro- 
scope. 

Pish may be examined for preservatives by the usual methods. Drew (1975) describee 
a method for boron in shellfish. A small amount may be present naturally in some 
samples. Sulphur dioxide is often used to control oxidative blackening in the processing 
of lobster tails and shrimps (Barnett, 1976). A limit of 30 mg/kg is being discussed 
by the relevant CAC committee. Canned shrimps and prawns may oontain formaldehyde 
derived from the degradation of di-and trimethylamine and trimethylamine oxide. 



1/ CAC/RS 36-1970. Recommended International Standard for (Jiick Frozen 
Gutted Pacific Salmon. 

2/ CAC/RS 50-1971. Recommended International Standard for Quick Frozen fillets 
of Cod and Haddook. 

CAC/fiS 51-1971. Recommended International Standard for Qiick Frozen fillets 
of Ocean Perch. 

4/ CAC/RS 37-1970. Recommended International Standards for Canned Shrimpe 
and Prawne . 
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Fish oil concentrates such as shark liver oil are sold as rich sources of 
vitamins A and D. Determination of vitamin A and the usual rancidity tests are 
normally adequate to assess quality and genuineness. 

It is worthwhile to examine shrimps, prawns and smoked-cured fish for added 
colouring matters. Discoloration of skipjack tuna has been investigated by 
Tamanaka (197 5a, 1975b, 1974) and co— workers, and of fish jelly products by Fujita 
4 Miyamoto (1975) • Caviar substitutes with added Black 79&4 contain unidentified 
decomposition products of the colour (Dragoni & Cantoni 1975). Discoloration of 
crabroeat is reviewed by Boon, (1975)* 

The CAC standard for canned shrimps and prawns permits the following colours 
to be added up to a maximum of 30 mg/kg (singly or in combination) in the final 
product - amaranth, beta-carotene, erythrosine*, Ponceau 4R*, Sunset Tellow PCF, 
tartraaine. Calcium sodium EDTA is allowed up to 250 rog/kg and the addition of 
citric acid is not specifically limited. 

The problem of "red tide", attributed to the growth of the dinoflagellata, 
Gonyaulax taroarensis is described by Ahles (1974). The dinoflagellate produces 
saxitoxin, and shellfish which have fed on the organism in sufficient quantity are 
toxic to humans, causing "paralytic shellfish poisoning". The AOAC details a 
biological method for its determination using mice. TLC-fluorescence methods are 
described by Bates & Rapoport (1975) and Buckley, et al (1976). 

Tetrodotoxin from pufferfish (Fugu spp.) and oiguatera poison are the other 
likeliest causes of chemical poisoning from the ingestion of Bea-foode (NAB, 1973). 
It has been recently reported (Hashimoto et al, 1975) that the Chinaman fish 
Glabrilut .januB nematophorus is one of a fairly large number of species with which 
ciguatera poisoning is associated. 

All of these causes of chemical poisoning taken together account for no more 
than a few outbreaks per year of sufficient seriousness to be reported in the 
technical literature. 

Reoent papers on other oontaminante include a oolorlmetrio method for 
nitrosamines (Wolfram, 1975) and a method for the determination of pentachlorophenol 
and ohlorobiphenylols at the mg/kg level (Zitko 1974)* Hattula (1974) describes the 
separation of chlorinated pestioides from PCB's in fish fat by TLC. 



* Temporarily endorsed 
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IDENTIFICATION 
OF FISH SPECIES, 
ACRYLAKIDE GEL- 
ELECTROPHORESIS 



PRINCIPLE 

An aqueouB (for uncooked fish) or 6M or 10M urea extract (for cooked fish) 
of fish muscle is prepared and an aliquot of the extract placed at one end of a 
tube of acrylamide gel which is polymerized in situ. The gel is subjected to an 
electric potential and then stained, excess stain removed and the pattern of 
stained protein layers compared with extracts from authenticated samples. Patterns 
of cooked and raw fish are not identical. 

APPARATUS 

1. Analytical disc electrophoresis apparatus (6, 8 or 12 tube capacity).* 

2. Agla semi-micro syringe. 
REAGENTS 

1. TRIS-glycine Buffer (Stock Solution): Dissolve 28.8 g of glycine and 6.0 g of 
TRIS-(2-amino-2-(hydroxymethyl)-propane-l,3-diol) in 1 litre of distilled water and 
adjust the pH to 8.6 with K hydrochloric acid. 

2. TRIS-glycine Buffer Solution: Dilute 1 part of Stock Solution (l) with 

13 parts of water for use as the solvent for the gel reagents and as the electrolyte for 
electrophoresis. 

3. Gel reagents: e.g. (a) "Cyanogum 41 "s (A mixture of 95 percent of acrylamide 
monomer and 5 percent of bisacrylamide; supplied by B . D .H .Chemical s , Ltd. Poole, 
Dorset, U.K.); (b) Ammonium Persulphate Solution: Dissolve 0.2 g of ammonium 
persulphate in 100 ml of the TRIS-glycine buffer solution; (c) Beta-dimethylamino- 
propionitrile Solution (1.60 percent.): Dissolve 1.83 ml of beta-dimethylamino- 
propionitrile in 100 ml of TRIS-glycine buffer solution. 

4. Protein-staining Solution: 0.1 percent. Amido Black in 7 peroent acetic acid 
solution. 

5. Wash Solvent: Kethanol/acetic acid/water (21*.3t96). 

6. Sucrose Solution: 40 percent suorose in distilled water. 

7. Urea solution: A freshly prepared 10 M solution. Dissolve 48O g of urea in 
water and dilute to 1 litre. For 6 M dissolve 288 g of urea in water, dilute to 

1 litre. 



• That of Shandon Southern Ltd., Lyson's Avenue, Ash Vale, Aldershot, Hants, U.K 
is suitable. 
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PROCEDURE 

Preparation of Protein Extracts 

(a) Raw Pish 

Extract the myogen proteins by homogenising the muscle (10-25 g) with an equal 
weight of distilled water. Centrifuge the homogenate at 3000 x g for 20 minutes and 
decant off the clear supernatant solution. Dilute this solution with an equal 
volume of 40 percent sucrose solution and Btore at 0°C until required. 

Allow frozen muscle to thaw out before extracting the proteins as above. Where the 
fish is breaded as in fish portions and fish fingers remove the outer layer of bread 
and cooked flesh. Extract only the inner raw portion. 

(b) Cooked fieh 

Break up 10-25 g of the cooked fish muscle and suspend in twice the volume 
(20-50 ml) of 10 K urea solution. Allow the mixture to stand overnight at room 
temperature and remove insoluble residue by centrifuging for 20 minutes at 3000 x g. 
Use the supernatant solution directly for electrophoresis. 

Preparation of cooked fish 

When cooked fish are required as controls, prepare them by heating on a steam bath 
for 30 minutes in covered casseroles. Extract with urea solution as in (b) above. 

ELECTROPHORESIS 

(i) Preparation of acrylamide gel rods 

(a) 6.0 percent acrylamide gel for myogen protein separation: 

Dissolve 2.40 g of "Cyanogum 41" in 20 ml of TRIS-glycine buffer solution. 
Add 10 ml of the 1.60 percent w/v J3 -dimethylaminopropionitrile solution and 10 ml 
of the 0.20 percent ammonium persulphate solution. Mix, and transfer the solution 
quickly to the previously-stoppered gelling tubes (7.5 x 0.5 cm i.d.) with a wide 
needle (19G x 2in.) syringe (10 ml) and adjust the levels to 6.5 co-) To obtain a flat 
surfaoe at the top of the gels, apply a layer of water (2-3 mm) carefully on top of the 
acrylamide solution. Use an Agla syringe with the tip of its needle placed just above 
the solution. Set aside to polymerize at room temperature. It is important that 
polymerisation should take place within 20-30 minutes as diffusion of the water into 
the acrylamide solution will result in incomplete polymerisation and an uneven gel 
surface. 

(h) 7*5 percent acrylamide gels for separation of urea extracts of cooked fish 
are prepared as in (a) above using 3.0 g of "Cyanogum 41". 

(ii) Procedure 

After polymerisation is complete, decant off any unpolymerised monomer solution, 
remove the polythene stoppers and transfer the prepared aorylamide gel rods to the 
electrophoresis apparatus. Fill with the TRIS-glycine buffer electrolyte. 

Carry out a pre-run for 20 minutes at 200 volts to remove persulphate ions. Then, 
by means of an Agla semi— micro syringe deliver 10-20 microlitres of the protein extracts 
to the tops of the gels. In this operation, dip the syringe through the upper electrolyte 
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solution with the tip of the needle just above the surface of the acrylamide gel. 
(Normally, duplicate analyses are performed on each extract, allowing for 4 extracts 
to be examined simultaneously in one apparatus. If desired, a second disc electro- 
phoresis apparatus can easily be oonnected to the transformer). Carry out the 
electrophoresis for 30 minutes at constant voltage (280 volts) at room temperature, 
(in some instances slightly improved separation, particularly for the urea extracts, 
can be obtained by running for 50 minutes at the sane voltage in a chill-room near 
0°C). 

(iii) Staining and developing the gels 

When the run has been completed, remove the upper reservoir, empty the buffer 
solution and pull out the tubes. Remove the gel columns from the tubes by an 
irrigation method using a syringe containing distilled water and fitted with a Ho.l 
size needle. Insert the needle between the gel and the wall of the tube, rotate the 
tube slowly and at ths same time discharge water from the syrings. Repeat this 
opsration at ths other end of the tube. The gel should then slip out of the tube. 
Stain the gel for 20 minutes in the Amido Black staining solution. Remove excess of 
dye by washing several times with the aqueous methanol solvent. After storing the 
gels overnight in the solvent, the protein zones should appear as dark blue discs 
against a water-clear background. Transfer the gels to glass test-tubes and store 
them in the same solvent. Examine the gels against an illuminated white screen. 
This arrangement is also suitable for photographing the gels. 

INTERPRETATIOS 

The method only works on raw and partially cooked fish from which sufficiently 
undenatured proteins are still extractable. It does not work with fish oooked 
under pressure, such as that found in fish paste. 

The procedure for cooked fish may be somewhat improved by preparing the 7*5 percent 
acrylamide gel in stronger buffer in 6 M urea (l volume stock TRIS-glycine buffer + 
7 volumes 6 M urea), and sufficient persulphate to produce polymerisation in 20-25 minutes. 
The tubes must be perfectly clean, e.g. by use of chromic acid, rinsing thoroughly and 
drying. The run may be extended from 30 to 45 minutes. After staining the excess dye may 
be removed by repeated washing with 25-30 ml of the aqueous methanol solvent in 50 ml 
conical flasks. Alternatively, if samples are being examined daily, it may be more 
convenient to use the continuous destaining system Bhown helow. 
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In this system a pump continuously recirculates the solvent and on passage 
through the charcoal column the Amido Black is adsorbed. Destaining by either method 
is normally achieved overnight. If rapid destaining (less than half hour) is required 
an electrolytic method can be used. In this latter system the unbound dye is removed 
by electrophoresis in dilute acetic acid. 



REFERENCE 

- MacKay, I.M. JAPA 10 (1972) 18. 



SPOILAGE OP FISH 

As fresh fish is kept a number of changes take place due to the action of 
bacteria and enzymes as well as purely chemical reactions. Among the chemicals 
produced, the total volatile bases, trimethylamine, trimethylamine oxide, 
hypoxantbine and histamine are used to assess spoilage as well as those chemicals 
responsible for rancidity in the oil. The amounts of these chemicals formed depends 
upon speciesof fish, bacteria present, time, temperature, pH and probably other 
factors so it is not possible to fix general limits for any of these quality 
parameters. Also, the presence of one or more of these chemicals may be considered 
as a normal quality characteristic in certain products prepared by fermentation, semi- 
drying, etc. However, in fish sold as fresh, the concentration of these chemioals 
increases with time and results of their determination are used to support opinion, 
derived from organoleptic examination, appearance of the eyes and so on, as to whether 
a sample is too spoiled to be of adequate quality for sale. 

Although the rate at which the spoilage chemicals are produced will vary 
according to the factors mentioned above, the general trend is as illustrated by 
the following graphs. 




The changes in concentrations of total volatile bases, 
hypoxanthine and trimethylamine with the degree of spoilage 
of cod; the exact form of the changes differs for different 
species. From Connell "Control of Fish Quality". 



Days in ice 
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The results also vary with the exact method of analysis, and it is therefore 
advisable to determine each parameter on acceptable samples of the same species, and 
again when the samples seem to be "on the turn". 

Histamine levels are sometimes high in scombroid fish such as mackerel and tuna 
after these have been kept some time. A method for its determination is given in the 
AOAC 12th Edition 1975 (Schutz et a], 1976). 100 mg/lOO g has been suggested (Sinidu 
St Hibiki 1955) as a tentative limit. The histamine seems to be largely derived from 
the bacterial breakdown of histidine present in the fish muscle. 

Other indices that have been used include volatile acid number, formic acid and 
acetic acid f Hillig, Shelton & Loughrey I962). Indole is suggested by Duggan & 
Strasburger (1946) to assess spoilage of shrimps and ammonia by Burnett (1965) to assess 
spoilage of orabmeat. Methodology is given in the AOAC. 
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TOTAL 
VOLATILE 
BASES 

PRINCIPLE 

The sample is distilled from magnesium oxide under standard conditions and volatile 
bases are titrated with boric acid. 

APPARATUS 

1. Kjeldahl macro-distillation unit. 
REAGENTS 

1. Magnesium oxide, solid. 

2. Antifoam. Silicone preparation or octyl alcohol. 

3. Boric acid, 2 percent aqueous solution. 

4. Methyl red indioator. Dissolve 0.016 g methyl red and 0.083 g bronocresol green 
in 100 ml neutral denatured ethanol. 

5. Sulphuric acid, 0.05 M. 
PROCEDURE 

Add 100 ml of tap water to 10 g of the minced sample in a food blender and 
homogenise for one minute. Wash into the distillation flask with a further 200 ml of 
water. Add 2 g magnesium oxide and a drop or two of antifoam solution. Bring to the 
boil in exactly 10 minutes and distil for exactly 25 minutes, usinR the same rate of 
fceati ng , into 25 ml of 2 percent boric acid solution with added indicator in a yJO ml 
conical flask. The tube on the end of the condenser should dip below the boric acid 
solution. Disconnect the splash-lead, stop heating, and wash the condenser down with 
distilled water and titrate the contents of the conical flask with 0.05 ■ H 2 S0^. 

Carry out a blank determination. 
CALCULATION 

Total volatile bases, as mg N per 100 g flesh 
. ( titre -blank ) x Q1 % ^ x 10Q0 x 100 



- (titre - blank) 14 
INTERPRETATION* 

The method is not valid for bacon and perhaps other -cured meats. Meat should 
give a value of less than 20 mg percent calculated on a fat-free basis. Fresh white 
fish containing over 50-60 mg percent is usually unacceptable to the consumer, and 
values over 30 mg percent are considered to correspond to staleness and appreciable 
production of TMA, but it is important to compare with values obtained from satis- 
factory samples of the same species. The condition of the eyes is a good 
indication of freshness of raw, whole fish. In canned fish the proportion of TVB 
present is a measure of the freshness of the fish at the time of canning. 



• See PearBon for full details and many references. 
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TOTAL VOLATILE 
BASES & AMMONIA 
IN FISH, CONWAY' 8 
MICRODIFPUSION 
TECHNIQUE 



PRINCIPLE 

The volatile bases in an aliquot of the sample are allowed to diffuse from the 
outer annulus of the unit into standard aoid placed in the inner part of the fish. 
The excess acid is back-titrated and the volatile bases present calculated from the 
acid required for their neutralization. 



APPARATUS 




To clean remove sealant with detergent, soak in chromic acid, rinse thoroughly 
with distilled water and dry. 

2. Mioroburette, 1 ml or 5 ml or Agla micro-syringe. 
REAGENTS 

1. Trichloracetic acid, 10 percent m/v in water. 

2. Sealant for Conway unit. Nix 60 g "vaseline", 10 g paraffin wax and 20 g 
beeswax. 

3* Neutral formaldehyde solution. Shake reagent grade formaldehyde solution 
(about 37 percent HCHO) with excess solid magnesium carbonate and filter. 

4. 0.005M H 2 S0 4 

5. Saturated potassium carbonate solution, about 50 percent. Dissolve 110 g of 
the dihydrate in 100 ml of water, boil in the presence of anti-bumping granules to 
remove traces of ammonia, and cool. There should be some crystallisation. 
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6. Screened methyl red indicator (Tashiro's indicator). Dissolve 0.1 g methyl red 
and 0.1 g methylene blue in ethanol and dilute to 250 ml. 

7. 2M HC1. 



Weigh 25 g of chopped fish in a 250 ml beaker. Add 75 nil water. Stir and bring 
the pH to 5.2 by adding 2 M HC1 dropwise. Heat slowly to 70°C, then cool to room 
temperature and filter into an Erlenmeyer flask. 

A. Determination of TVB. 

Apply a small quantity of sealant alone the rim of a Conway diffusion diBh. 
Pipette 2 ml 0.01M HC1 into the central compartment of the dish. Pipette 2 ml of the 
extract into the outer ring of the dish. Finally, pipette 1 ml saturated potassium 
oarbonate into the outer ring of the dish. Immediately afterwards, oover the dieh 
with a glass plate so that it is air-tight. 

Leave at room temperature for 24 hours or at 36°C for 2 hours, then titrate the 
hydrochloric acid in the inner compartment with 0.01 M sodium hydroxide, using 2-3 
drops of the above indicator. In acid solution this indicator is violet and turns 
bright green in alkaline solution. 

B. Determination of TMA. 

Place 2 ml 0.05M KjSO. in the inner ring of the Conway unit, and 2 ml of sample 
extract in the outer ring. Add 1 ml neutral formaldehyde solution, replace the lid 
and gently rotate the unit to ensure mixing of formaldehyde and sample extract. With 
the lid almost olosed, add 1 ml saturated potassium oarbonate solution to the outer 
ring, close the lid and incubate overnight at room temperature or for 2 hours at 36°C. 
Add a drop of indicator to the inner ring and back-titrate with 0.01M HaOH (tginl). 

CALCULATION 

The amount of total volatile bases is normally expressed as their content of 
nitrogen (H)i 



where - the volume of sodium hydroxide used in titration A. 96 is taken to be 
the amount of water (in ml) in which the sample weight was dispersed, assuming 
that the 25 g of chopped fish contained 4 g of dry matter. 



PROCEDURE 



mg TVB-N/100 g fieh - 0.01 x (2 - t 1 ) x 96 x 14 x 100 _ 

25 x 2 



26.88 (2 - t x ) 



mg£ m/m nitrogen present as TMA 




+ 26.88 (2 - t 2 ) 



REFERENCE 



- PAO/Danida Workshop, Bangkok 20/10 - 28/11/75- 
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TOTAL VOLATILE 
BASES AND AMMONIA 
IN PISH 

PRINCIPLE 

Protein is removed by precipitation with trichloracetic acid. Volatile bases 
are steam-distilled and titrated. The ammonia is removed from the distillate by 
addition of neutral formaldehyde, forming hexametbylenetetramine, and the acid thus 
released is titrated. The volatile bases oonsist almost entirely of ammonia and 
trimethylamine (TMA) only traces of mono- and dimethylamine normally being present. 

APPARATUS 

1. Semi-mioro Kjeldahl distillation apparatus. See previous method. 

2. Microburette, 1 ml or 5 ml. 

REAGENT 

1. Trichloracetic acid, 10 percent m/v in water. 

2. Neutral formaldehyde solution. Shake reagent grade formaldehyde solution 
(about 37 percent HCHO) with excess solid magnesium carbonate and filter. 

3. 2M NaOH. 

4. 0.005 M H 2 S0 4 . 

5. 0.01 M NaOH. 

6. Methyl red indicator (Tashiro'e indicator). Dissolve 0.1 g methyl red and 
0.1 g methylene blue in etbanol and dilute to 250 ml. 

PROCEDURE 

To 100 g of minced muscle representative of the sample in a dish or mortar, 
add 5 g of solid trichloracetic acid and triturate the mixture thoroughly. Let 
Btand 15 minutes. 

Filter (the filtrate may be stored temporarily at 0°C if necessary). 

Pipette 2 ml or other suitable aliquot as accurately as possible into the 
distillation apparatus and add an equal volume of 2M NaOH. Steam distil for 7-10 
minutes after the first drop of distillate forms, collecting the distillate in 
excess 0.01M HC1 (5 ml is usually sufficient) containing a drop of indicator. 
Titrate the excess acid with 0.01M NaOH (t ml), just to the end-point of the 
indicator. Add 5 ml of neutralised formalflehyde solution and titrate the liberated 
acid with 0.01M NaOH (t 2 ml). 
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CALCULATION 

og peroent nitrogen present as total volatile bases 

- nl 0.01M HC1 - t, 100 
1 x .01 x 14 x 1000 x 



1000 ml of filtrate taken 

- (ml 0.01M HC1 - t,) x 14 

17 ml taken 

(1 ml of filtrate is assumed equal to 1 g of sample) 
kg peroent m/m nitro^n present as ammonia - 

* 0.01 « 1000 x 14 x 100 

1000 ml of filtrate taken 

14 

- t 2 x ml taken • The difference is TKA expressed as nitrogen. 



REFERENCE 

- PAO/Danida Workshop, Bangkok 20/10 - 28/ll/75. 
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TRIMETHTLAMINE OXIDE 
IN PISH MUSCLE 



PRINCIPLE 

Sample is blended with ethanol and an aliquot distilled to determine tbe 
volatile bases. Titanoue chloride (III) is added to a separate aliquot, reducing 
any TMAO present to trimethylamine (TMA) . The aliquot is distilled, the increase 
in total volatile bases being proportional to the TMAO in the sample. 

APPARATUS 

1. Semi-mioro Kjeldahl distillation apparatus, Parnes-Wagner or Hoskine type, 
(see diagram). 

2. Microburette, 1 ml or 5 ml. 
REAGENTS 

1. 2M NaOH. 

2. 0.005M H 2 S0 4 

3. TiCl}, 10 percent. 

4. Screen methyl red indioator. Dissolve 0.33 g bromocresol green and 0.66 g methyl 
red in alcohol and dilute to 1 litre with alcohol. Dilute tenfold before use. 

5. 1 percent boric acid. Dissolve 10 g boric acid in water, add 200 ml ethanol 
(96 percent) and 10 ml of the diluted indicator solution. Adjust to the neutral 
point of the indicator by addition of alkali and dilute to 1 litre with water. 

6. Antifoam, or a saturated solution of barium hydroxide which is also effective. 

7. Ethanol, 96 percent. 
PROCEDURE 

Blend 10 g minced muscle with 92 ml ethanol (96 percent) and filter. Pipette 
10 ml of filtrate into the distillation apparatus, add 1 drop of antifoam or 5 ml of 
barium hydroxide solution and 10 ml of 2M NaOH. 
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Pass steam for 3-4 minutes aftor first drop of distillate forms, collecting 
the distillate in 10 ml of 1 percent boric acid. Titrate the distillate with 
0.005M H 2 S0 4 (t : ml). 

To a further 10 ml of the ethanolic extract add 2 ml of TiCl^ solution, 
let stand 10 minutes, then distil and titrate as before (t~ ml). 



REFERENCE 

- FAO/DANIDA Workshop Bangkok 20/10. 28/ll/75. 
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DIMETHYLAMINE AND TRIMETHYLAMINI 
PAPER CHROMATOGRAPHIC METHOD 



PRINCIPLE 

An extract of the fieh is ohromatographed and the amines visualized with ninhydrin. 
The spots can be eluted and the colour intensity measured spectrophotoraetrically to 
obtain a semi-quantitative result. 

APPARATUS 

1. For paper ohromatrography, with Whatman no. 1 filter paper or equivalent. 
REAGENTS 

Lt Trichloroaoetio aoid, 7. 5 percent m/v. 

2. Chloroform: acetic acid, 95: 5. 

3. 0.3 percent ninhydrin in butanol. 
PROCEDURE 

To 5 g of minced fish add 10 ml of 7.5 percent trichloroaoetio acid and shake 
occasionally over a period of several hours. If a clear extract cannot be decanted, 
centrifuge or filter. Chromatograph on a 20 x 20 cm paper (about 3 hours). Remove 
from the tank and leave at room temperature until the solvent has completely 
evaporated. Spray with ninhydrin and dry at 105°c for 5 minutes. DMA gives a violet 
spot, R t - about O.58, and TMA at R- about 0.31. The spots can be eluted with alcohol 
and read at 45° n»i oomparing with standards ohromatographed at the same time. 

INTERPRETATION 

Fresh fish gives TMA values of about 1 mg/lOO g and spoiled samples over 
8 mg/lOO g. Values around 5 mg/lOO g are taken as indications of doubtful quality. 
In frozen-stored gadoid fillets, the TMA indicates the extent of microbial spoilage 
before the muscle was frozen and the DMA the extent of deterioration through action 
of tissue enzyme during frozen storage. 
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FRESH MEAT 

The quality of fresh meat is normally verified by veterinary inspection oarried 
out at the abattoirs. Laboratory work includes examination for pesticide residues, 
drugs and anabolio agents. The identity and freshness of samples may be questioned. 

Addition of such chemicals as ascorbic, erythorbic and nicotinio acids is 
sometimes used to maintain a fresh appearance of the meat. Ascorbic and nicotinic 
acids are usually diluted with sucrose or glucose for sprinkling on meat, so 
examination of an extract for these sugars by TLC is a useful preliminary test. 
The method of Schoall et al (1953| 1954) may be used for the quantitative determin- 
ation of ascorbic and erythorbic acids. Means of "tenderising" meat with proteinases 
such as papain (from Papaya fruit), bromelain (from pineapples) and ficin (from figs), 
include injection into the circulation just before slaughter. Such tenderising 
increases the level of free tyrosine . \ 

Diethyletilbestrol is a growth promoter in meat -producing animals and in food. 
Residues are not allowed in foods in countries such as the USA because of the 
carcinogenic potential of the drug. Residues in animal tissues may be determined 
by the GLC methods of Donoho et al (1973) or Kohrman and MaoOee (1977) • Simpler 

frocedures include the qualitative paper chromatographic method of Smith and McNeil 
1977) and the TLC-fluorometry procedure of Ponder (1974). The paper chromatographic 
technique has a limit of detection of 10 ppb, above the oaroinogenio level in mice. 
Mouse uterine assay was originally used (Umberger et al 1958| 1959) 1 Khing and Lazar 
(1976) have developed a radioimmunoassay technique. 

The technique of Heffter et al (1972) may also be UBed. 

In problems of identity the veterinarian or meat inspector and the analytical 
chemiBt tL.-ld work together. The veterinarian will often be able to identify bones 
and cuts of raw meat, obviating the necessity for laboratory work. If this is required 
for confirmation, precipitin tests and gel electrophoresis can be used on raw and frozen 
meat and fish and the latter technique may give useful results as long as cooking has 
not been so severe as to denature completely all the proteins present. Identification 
of oooked meats can be difficult and the best approach is via GLC and U.V. of the fat. 
Pig fat contains less stearate than beef or sheep, but a little more linoleate. 
Horsefat contains more linolenate and linoleate than the other three fats mentioned. 

<4ialitative tests for colour, starch, sulphur dioxide and nitrate should be 
carried out on minced neat. It may be worthwhile to examine other fresh meat for 
preservatives. Minced meat may contain an excessive amount of fat. or gristle or 
offals such as brainB, feot, gut, chitterlings (smaller intestines), manifolds, udders, 
sweetbreads (pancreas, sometimes thymus) tripe (rumen and reticulum) melts, lites 
(lungs) spinal cord, uteri, pigs' maws (stomach) calves veils and skirt (diaphragm). 
Proximate analysis is of some assistance in assessing general quality, for example, 
minced meat should not contain more than a reasonable amount of fat. The analysis 
of the amino-acids making up the proteins may assist in determining the proportion of 
protein from animal or vegetable sources. 3-methyl histidine apears to occur only in 
protein from animal sources (Rangeley & Lawrie 1976). Addition of vegetable oils or 
fats to meat can be detected both in cooked and uncooked products by examination of the 
sterols, by GLC of the fats and by examination of the U.V. absorption. 

Liver is high in iron so the iron may be used as an approximate indication of the 
amount of liver in a mixture, but the iron content has also been used to assess the 
amount of blood added to hamburgers (Rankin, 1 9 6 5 ) . Liver and kidney, as part of their 
physiological functions, prooess and in some cases accumulate exogenous substances and 
their metabolites. For example, analysis of animal kidneys and livers for heavy metals, 
especially cadmium, lead and arsenic, may be a urefu] guide to environmental contamination. 
These organs are appropriate ones to use when soreening for residues of veterinary drugs 
and their metabolites. 
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Frozen chicken carcasses may have been treated vith salt and/or polyphosphates 
as during spin-chilling. ThiB is said to improve the texture, and alBo results 
in the retention of more water than in untreated carcaaues. The polyphosphate is 
quickly hydrolyaed to orthophosphate, but the total level of phosphate compared 
with nitrogen appears a fairly reliable indication that the former has been added. 
P/N valueB do not exceed 0.1 in untreated birdB (Hamence A. Kunwardia 1974)- The 
EEC method for water in frozen chicken is also of assistance in assessing quality. 
Extraction of phosphates from food is described by Doro and Reoioti (1963). TLC can 
be used instead of PC (lida and Yamabe 1971). See also Tonogai and Tanaka (1974), 
Pesino et al (1974), Scott (1973) and Van Hoof et al (1973). 

Freshness is measured by extract release volume and total volatile baBes. 
The usual rancidity values on the fat may also be informative. The total volatile 
bases increase as the lean portion of the meat deteriorates. The TVB test is not 
reliable on smoked or cured products. 
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ADDED HATER IN 
FROZEN CHICKEN 

PRINCIPLE 

The chicken is allowed to thaw and the loss in weight noted (Procedure I). 
If this exceeds a oertain value, an entire carcase is crushed and the moisture and 
protein determined (Procedure II). 

PROCEDURE I 

1. Wipe the outside of the individual pack and weigh the bird in the pack. 
2* Remove the bird from tie pack and weigh the pack. 

3. Establish the basic weight, which is the difference between weightB 1 and 2. 

4. Place the bird in a dry, waterproof plastic bag in such a way that the 
abdominal cavity is towards the closed end of the bag. 

5. Plunge the bag into a basin of water at a temperature of between 40 and 

o 

45 C. Hold it in such a way that the knot closing the bag allows no air to 
escape, taking care to ensure that water from the basin does not enter the bag 
and that the side** of the bag lie against the bird. 

6. The thawing time should be as follows, according to the size of the carcane: 

800 g 65* 

900 g 72' 
1 000 g 78- 
l ooo g 85' 
1 200 g 91' 
1 300 g 98' 
l 400 g 105' 

and thereafter increases of 7' per 100 g. 

7. Empty the basin. Pierce the bottom of the bag to allow water produced by 
thawing to escape. 

8. Allow the bird tc drain for one hour. 

9. Remove the bird from the bag and dry the carcase inside and out with filter paper. 
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10. Weigh the bird to obtain the final weight. 

11. Express the difference between the final weight and the basic weight as a 
percentage of the basic weight. 

12. If that percentage exceeds 5*6 percent, the carcases Belected should be 
analysed by following Procedure II. If the percentage is 5.6 percent or lesB, the 
lot in question should be considered as complying with the limits set. 

NOTES t 

A. Where edible offal is included with the bird in the individual pack, the 
weight of such offel is added to the final weight of the carcase following 
thawing, evacuation of water and drying with filter paper. 

B. The bag must meet the following specifications: 

- thickness: 0.05 ^ 

- height: for birds of a net weight of 1 250 g or less: 

31 cm: circumference 34cm: 

for birds of a net weight of more than 1 250 g: 
40 cm: circumference 44 cm. 

C. If the bird is not in an individual pack, the test must establish that the basic 
weight corresponds to the weight of the bird. 
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PROCEDURE II 

In this method, the whole carcase, as put up for sale (frozen or deepfrozen) 
is crushed. 

(a) Determination of moisture 

This analysis may be conducted in accordance with International Standard 
ISO 1442 - 1973. 

The percentage of moisture obtained by this method is multiplied by the 
mass of each carcase from which the analysed samples were taken and the result 
obtained expresses in grams the quantity of water contained in each carcase. 

(b) Determination of proteins 

The determination of proteins may be effected by measuring the nitrogen as 
laid down in ISO Recommendation R 937/1969. 

The percentage of protein obtained by this method is multiplied by the 
mass of each carcase from which the analysed samples were taken and the result 
obtained expresses in grams the quantity of proteins contained in each oaroase. 

Conclusion to be drawn 

If, for all the carcases analysed, the wei^t of water exoeeds the following 
values: 

- in respect of chickens i y - 3,82x + 47,69 (l) 

- in respect of hens and 

. cocks y - 3,78x 4 4,62 (l) 

the lot of carcases examined contains more than 8 percent of extraneous water 
and does not comply with the standards. If the lot of carcases contains less 
than 8 percent it should be considered as complying with the standards. 



(l) y - weight of water in grama 
x - weight of proteins in grams 



Copyrighted material 



- 190 - 



NON-MEAT PROTEIN IN MEAT PRODUCTS 

The presence of offal and textured vegetable proteins in comminuted neat is 
investigated mainly by histological techniques at the present time (Hole et al, 1964). 
Most textured vegetable proteins contain more magnesium (around 6000 mg/kg) than meat 
(300-3000 nig/kg). Soya bean protein isolate from North America ie required to contain 
titanium dioxide as a marker but soya bean products of lower protein content are not. 
The immunochemical techniques of double diffusion, single radial diffusion, 
hemagglutination and Immunoelectrophoresis suffer from the disadvantage of requiring 
aoya specific agglutinin and tend to show cross-reactions with some other legumes. 
They are screening, qualitative methods. Polyacrylamide gel electrophoresis and 
isoelectric focusing of extracts prepared with urea, 2-mercaptoethanol or sodium 
dodecyl sulphonate work well on uncooked products but less well if the moat is cooked. 

Some references relating to the determination of soya in meat products are 
given at the end of the chapter. 

Soya products include the defatted flour (about 50 percent protein), protein 
concentrate (70-73 percent protein) and soya protein isolate (over 90 percent protein). 

Soya flour may be detected microscopically by looking for "beaker cells", but 
these will be absent from protein isolate. 

The proportion of soya flour present nay be assessed from the hemi-cellulose 
level (Bennett I948), or pentoses and pentosans (Fredholm I967), or by the levels 
of fibre, iranganeso and magnesium (Formo, Honoid and MucLeun 1974, Illing A Whittle, 
1944), or by gel electrophoresis (Parsons A Laurie 1972, Guy, Jayaram A Willcox 1973). 

The validity of a method of analysis may be affected by the type of soya 
product present and by the other constituents of a meat product. 

Formo, Honoid A MacLean (loc. cit.) report the following figures for textured 
soy flour (50 percent protein) and ground beefs 



Average Standard Coefficient 

Concentration Deviation of Variation 





Textured 
soy flour 


Ground 
beef 


Textured 
soy flour 


Ground 
beef 


Textured 
soyflour 


Ground 
beef 


Magnesium 


2049 
mg/kg 


kg/kg 


186 


7.4 
mg/kg 


6.356 


4.9* 


Manganese 


33.4 
mg/kg 


0.125 
mgAg 


3.4 


0.025 
ag/kg 


10.1* 


20* 


Fibre 


2.03* 


0.01* 


0.27* 




13.3* 
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Gelatin & StarcE 

These may be determined in meat products by the methods in offioial, standardized 
and recommended methods of analysis. 

Blood 

Hank in (1965) describes the determination of iron to assess blood added to 
hamburger. A level of 2-3*5 percent '.nay be added to mask the presence of excess 
fat, iron levels being significantly higher than in normal meat if added blood 
exceeds 1 percent. In the paper cited, it ia suggested that iron iB determined via 
the colour with thioglycollic acid, but AAS would also be suitable. The determin- 
ation of added blood in ground beef 1b described by Karasz et al (1976). 

HEAT EXTRACTS 

The AMC (1951) considered that the proportion of the creatine and creatinine 
was a suitable parameter for assessment of the quality of a meat extract and that 
in addition the moisture, ash, chloride and total nitrogen should be determined in 
routine analysis. The report gives a method for the estimation of creatine and 
creatinine, republished in official, standardized and recommended methods of analysis. 

MEAT PRODUCTS 

The determination of the neat content of a meat product is made via the use 
of the Peder number or on the assumption that a specific lean defatted meat has 
an average nitrogen content, referred to as the nitrogen factor. For example, lean 
defatted raw beef is taken to have an average nitrogen content of 3.55 percent. If a 
sample is found to contain 1.775 percent of nitrogen, the lean defatted beef content 
is taken to be 50 percent. Addition of the amount of fat in the sample gives its 
total meat content. The assumptions involved are further discussed under "Meat Content". 

The Peder number - _ ft wa t* r 

% organic non-fat 

where percent organic non-fat is calculated from the formula: percent organic non- 
fat - 100 - (% fat + % ash + % moisture). 

A Peder number in excess of 4 indicates an excessive amount of water in a meat 
product . 

Other attempts to assess meat content include determination of particular amino-acidc 
derived from protein such as 3-methylhistidine (Rangeley & Lawrie 1976) and methionine 
(Bells, 1969). The reliability of these values as assessments of meat content is not yet 
well-established. 

Meat products may have to be examined for preservatives especially S0«, nitrite 
and nitrate. Other constituents that may have to be determined or looked for are salt, 
added colour, starch, cereal and other fillers, textured vegetable protein, dried milk, 
soya bean meal} added phosphates und ascorbic ucid. Sometimes, products contain excessive 
amounts of gristle or connective tissue. Coomaraswamy (1972) suggests using the level of 
hydroxy pro line present to estimate the proportion of rind and gristle in a meat product. 
Protein from collagen and skin contains 11-14 percent of hydroxy pro line while skeletal 
muscle protein contains less than 0.1 percent. The EEC Intervention Board uses the 
formula hydroxy proline x 8 - gristle/collagen. Canned products should be examined for 
lead, tin and arsenic. The lead content of meat products such as corned beef in tins 
sealed by spot soldering may be high near the seal only. Tests that are routine for 
canned foods such as vacuum, water capacity of the can, headspace and drained weight 
(where appropriate) may also be made on canned meat products. 

Bacterial spoilage due to Clostridium species, Streptococcus faeoalis , etc. 
may be iue to a mixture of poor hygiene and inadequte pickling and analysis for salt, 
pH nitrate and nitrite may be helpful. 
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MEAT CONTENT OP 
MEAT PRODUCTS 



PRINCIPLE 

The moisture, fat, protein and ash are determined and the carbohydrate or 
cereal filler obtained by difference. The amount of nitrogen derived from the 
filler (assumed to be present therein to the extent of 2 percent, or 12.5 percent 
as protein) is subtracted from the total nitrogen and the rest assumed to be 
derived from the meat. The total meat content is then calculated from the meat- 
derived nitrogen and fat contents. 

APPARATUS 

1. As for moisture determinations. 

2. Soxhlet apparatus. 

3. As for nitrogen determinations by Kjeldahl. 

4. As for ash determinations. 
PROCEDURE 

(i) Moisture^ and Pat Determination. 

Dry to constant weight in the oven a metal dish containing enough sand to absorb 
the fat in the sample. Cool in a desiccator and weigh. Add 4~5 g of sample and quickly 
weigh again. Dry at 102-103°C for 18 hours or at 125°C for 2 hours or until constant 
weight. Samples of uncooked sausages are usually removed from their skins and thoroughly 
mixed on a flat surface with a wide blade or large spatula. Raw meats can be minced, 
more than once usually being necessary. Canned products may be homogenized or mashed 
into a paste if sufficiently solid. It may be necessary to take as much as five grams 
for each determination to reduce error from the inhomogeneity of the sample. 

% moisture - weight lost in oven , 10Q 
weight of sample taken 

By use of a spatula, quantitatively transfer the residue and the sand to a 
filter paper or thimble, rinse the dish several times with petroleum ether and transfer 
the rinsings to the Soxhlet, taking care that sand does not gain accoss to the tared 
flask. Complete the determination of fat as under "Pat, Soxhlet Extraction". 

(ii) Protein 

Determine on up to 5 C by the macro-K jeldahl method. After dilution of the digest 
with water, it may be found that undigested fat remains in the flask. This oan cause 
excessive foaming during distillation. The difficulty can be avoided by filtering the 
diluted digest into the distillation flask, washing the digestion flask and paper 
with water until all ammonium salts are washed through into the distillation flask. 



1/ Pettinati et al (1973) have made a collaborative study of methods of moisture and 
fat determination in meat. 
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(iii) Ash 

Incinerate a clean crucible (preferably silica) at the temperature of ashing, 
cool and weigh. Add about 5 g of sample, obtaining the exact weight by difference, 
dry in the oven, start the ashing over an Argand or other burner in a fume-cupboard 
and complete at 500°C. The residue may be used for the determination of salt, oalcium 
and phosphate; salt becomes volatile at about 520°C so results may be low if the 
temperature of the furnace is not carefully controlled. 

The ISO method (ISO 936:1969) requires that a sample of at least 200 g is 
homogenized by passage at least twice through a meat mincer with holes not exceeding 
4 mm and that it is analysed within 24 hours, any storage being such as to prevent 
deterioration or change in composition. 

A dish is pre-heated 20 minutes at 550-600°C, cooled and weighed. About 5 g 
of sample is well-spread in the dieh and the two weighed. 1 ml of 15 percent m/v 
anhydrouB magnesium acetate (or 25 percent of the tetrahydrate) is added and the dish 
dried on the waterbath. It is then gently heated to carbonize the sample and ashing 
is completed at 550-600°C in a muffle furnace. A blank test to determine the ash of 
1 ml of the magnesium acetate solution is also carried out and the weight obtained 
subtracted from the weight of ash obtained from the sample. ISO 1841x1970 recommends 
that chloride is determined on a protein-free extract prepared as follows. A sample 
is prepared and if necessary Btored as described above • About 10 g accurately 
weighed is treated with 100 ml hot water and the mixture boiled for 15 minutes with 
frequent shaking. The flask and contents are cooled and 2 ml of 10,6 percent m/v 
potassium cyanoferrate (II) trihydrate added, mixed thoroughly, add 2 ml of zino acetate 
solution (22 g zinc acetate dihydrate and 3 ml glacial acetic acid diluted to 
100 ml with water) and the flask contents mixed agin. The mixture is diluted to 200 ml 
in a volumetric flask and filtered through a fluted filter paper. If 0.5 g of 
activated charcoal is added with the water at the beginning and the pH adjusted to 
between 7*5 and 8.3 after addition of Carrez reagents, the filtrate is also suitable 
for the determination of nitrite and nitrate. The standard recommends that the 
determination is completed by a Volhard titration on a 20 ml aliquot but it is 
preferable to make the final solution 40 percent with respect to acetone rather than 
use nitrobenzene which is a suspected carcinogen. The method makes no correction for 
the volume of the precipitate. Results may therefore be slightly high. 



CALCULATION 



Lean defatted meat - 



nitrogen 
nitrogen factor 



x 100 



The nitrogen factor is the nitrogen content of lean defatted meat of the species 
present in the sample under analysis. Commonly accepted figures are as follows 
(Meat Products Sub-Committee of the Society for Analytical Chemistry, U.K., 1961, 
1963a, 1963b, 1964, 1965a, 1965b, 1965c, 1966, 1967, 1968a, 1968b): 



Beef 
Veal 
Pork 
Tongue 

(Ox and 
Ox Liver 
Pig Liver 
Kidney 
Cod 



Pig) 



3.55 


Chicken, 


breast 


3.9 


3.35 




dark meat 


3.6 


3.45 




whole 


3.7 


3.0 


Turkey, 


breast 


3-9 






dark meat 


3.5 


3.45 




whole 


3-65 


3.65 


Blood 




3.2 



2.7 
2.85 



Total meat - lean defatted meat plus fat 
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Alternatively, it may be considered that lean meat contains 10 percent of fat 
(interstitial) and hence t 

lean ment - 1.1 x lean defatted meat and the remaining fat is regarded 
as free fat. The amount of interstitial fat in lean meat varies considerably but 
10 percent is sometimes taken as an average for the purposes of the calculation. 

There are a number of considerations to be borne in mind when U3ing this cal- 
culation. The topic has been reviewed by Pearson (1975)* Incorporation of a 
certain amount of meat extract or other nitrogen sources may lead to an erroneously 
high assessment of the meat content from the nitrogen figure. Monosodium glutamate, 
sodium guanylate and similar flavour enhancers increase the nitrogen content in this 
way. The AOAC (1975) describes a method for the determination of monosodium 
glutamate using an ion-exchange column. 

The nitrogen factors apply to the fresh meat with the normal amount of 
accompanying water. Pressed ani cured meats such as canned beef, cured pat^B 
and salami ingredients have had water removed during processing and therefore contain 
a higher proportion of protein. For example, a factor of 4.7 has been suggested for 
traditional oorned beef. 



It is advisable to carry out qualitative tests for carbohydrate such as adding 
iodine to detect the presence of starch. It may be possible to make assumptions 
about the nitrogen content of carbohydrate filler. The calculation is modified 
accordingly. For example, if rusk of an assumed or known nitrogen content of 
2 percent (equivalent to 12.5 peroent protoin) is present. 

Carbohydrate, C - 100 - (moisture ♦ fat + protein + ash) 

Nitrogen attributable to filler - 0.02C 

Lean defatted meat - (* - SsfifSj * 100 

nitrogen factor 
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HYDR0XYPR0L1NE 



IN M AND MEAT 



PRODUCTS 



PRINCIPLE 



Hydrolysis of a test portion in constant hydrochloric acid solution containing 
tin (II) chloride. Neutralisation, filtration and dilution. Oxidation of the 
hydroxyproline by chloramine-T, followed by the formation of a red compound with 
4-dimethylaminobenzaldebyde. Photometric measurement at a wavelength of 558 nm. 

APPARATUS 

1. Mechanical meat mincer, laboratory size, fitted with a plate with holes not 
exceeding 4 «m in diameter. 

2. Round or flat-bottomed hydrolysis flask, oapacity about 200 mi, wide-hecked, 
equipped with an air-cooled or water-cooled condenser. 

3. Electric heating device (for example heating mantle, hotplate or electrically 
heated sand bath). 

4. Filter paper discs, diameter 12.5 c> S and S Mo. 287 is suitable). 

5. pH meter. 

6. Aluminium or plastics foil. 

7. Water bath, thermostatically controlled at 60 ± 0.5°C. 

8. Spectrophotometer, capable of being used at a wavelength of 558 ± 2 nm, or 
photoelectric colorimeter with an interference filter with absorption 
maximum at 558 ♦ 2 nm. 

9. Glass cells of 1 cm optical path length. 
REAGENTS 

All reagents shall be of analytical reagent quality. The water used shall be 
distilled water or water of at least equivalent purity. 

Tin (II) chloride, hydrochloric acid solution 

Dissolve 7.5 g of tin (II) chloride dihydrate (SnClp^h^O) in water, dilute to 
500 ml and add 500 ml of hydrochloric acid ( /° 2Q 1.19 g/ml). 

Hydrochloric acid. ai>prox. 6N solution 

Mix equal volumes of hydrochloric acid ( /| 0 1.19 g/ml) and water 
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Sodium hydroxide, approx. ION eolution 

Dissolve 40 g of sodium hydroxide in water. Cool and dilute to 100 ml 
Sodium hydroxide, approx. IN solution 

Dissolve 4 g of sodium hydroxide in water. Cool and dilute to 100 ml 
Buffer Solution pH 6.0 - 

Dissolve in wat<»rt 50 g of citric acid monohydrate (CgHsO^-HpO) 
12 ml of acetic acid (96O g of CH^COOH per litre) 
120 g of sodium acetate trihydrate /Na(CH-jC0 2 ) • 
34 g of sodium hydroxide 
Dilute to 1000 ml with water 

Mix this solution with 200 ml of water and 300 ml of propan -l-ol . This 
solution is stable for several weeks at 4 C. 

Chloramine-T Reagent - 

Dissolve 1.41 g of W-chloro-p-toluenesulphonamide, sodium salt (chloramine-T) 
in 10 ml of water and successively add 10 ml of propan-l-ol and 80 ml of the buffer 
solution pH 6.0. Prepare this solution immediately before use. 

C olour Reagent - 

Dissolve 10.0 g of 4-dimethylaminobenzaldehyde in 35 ml of perchloric acid 
solution (60 percent /tn/mf) and then slowly add 65 ml of propan-2-ol. Prepare this 
solution on the day of use. 

lfotet Purification of the 4-dimethylaminobenzaldehyde is necessary (see note to blank 
test). Proceed as follows 1- 

Prepare a saturated solution of the 4-dimethylaminobenzaldehyde in hot 70 percent 
(V/V) ethanol. Cool, first at room temperature, and finally in a refrigerator. 
After about 12h. filter on a Buchner funnel. Wash with a little 70 percent (V/V) 
ethanol. Again dissolve in hot 70 percent (V/V) ethanol. Add cold water and 
agitate thoroughly. Repeat thiB procedure until a sufficient quantity of milk- 
white crystals has been formed. Place in the refrigerator overnight* Filter on 
the Buchner funnel, waeh with 50 percent (V/V) ethanol and vacuum dry over phosphorus 
(V) oxide. 

Hydroxyproline Standard Solution - 

Prepare a stock solution by dissolving 100 mg of hydroxy pyrrol id ine-alpha- 
oarbonic acid (hydroxyproline) in water. Add 1 drop of hydrochloric acid solution 
and dilute to 100 ml with water. On the day of use, dilute 1 ml of the stock 
solution to 100 ml with water in a volumetric flask. Then prepare four standard 
solutions by diluting 10, 20 and 40 ml of this solution to 100 ml with water to obtain 
hydroxyproline concentrations of 1, 2, 3 and 4 pg/nl respectively. 

aaaple 

Proceed from a representative sample of at least 200 g. See ISO 3100. 

Store the sample in such a way that deteriora', ion and change in composition 
are prevented. 
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Procedure 

Preparation of teBt sample 

Raw meat and raw meat products: Reduce intact meat to small cubes (approx. 
0.5 cm^) by cutting it while it is cold (just below 0°C) using a sharp knife. Either 
place the sample in a container and seal the latter hermetically, or vacuum pack the 
sample in a heat-resistant plastic film; then heat so as to maintain a temperature 
of at least 70°C for at least 30 minutes in the geometrical centre of the sample! cool 
and proceed as follows: (Note: in this way, the raw connective tissue is softened 
and less resistant to homogenization by mincing. 

Cooked meat and cooked neat products: Make the sample homogeneous by passing it 
at least twice through the meat mincer and mixing. Keep the homogenized sample in a 
completely filled, airtight, closed container and store it in such a way that 
deterioration and change in composition are prevented. Analyse the test sample as 
soon as possible, but always within 24 h. 

Test Portion 

Weigh, to the nearest 1 mg about 4 g of the test sample into the hydrolysis 
flask. Eh sure that none of the sample adheres to the side-wall of the flask. 

Ejrdrolysis 

Add some boiling chips and 100 + 1 ml of hydrochloric acid solution containing 
tin (II) chloride. Heat to gentle boiling using the heating device and maintain for 
16 h under reflux (conveniently overnight). (Notet- if desired by the analyst, the 
hydrolysis may alternatively be accomplished in two periods, each of 7 to 8 h on 
consecutive days. This alternative procedure has been proved experimentally to 
yield results that are not significantly different from those obtained with a single 
hydrolysis period of 16 h) . 

Filter the hot hydrolysate through filter paper into a 200 ml one-mark 
volumetric flask. Hash the filter three times with 10 ml portions of hot 
hydrochloric acid solution and add the washings to the hydrolysate. Make up to the 
mark with water. (Notei- The hydrolysate can be kept at this state for at least 
one week under refrigeration. 

Colour Measurement 

Using a pipette, transfer into a beaker a volume V ml of the hydrolysate 
so as to obtain a hydroxy proline concentration within the range 1 to 4 Mg/ml 
after dilution to 250 ml. (Mote:- In most cases, V will be of the order of 
5 to 25, depending on the amount of connective tissue present in the sample). 
With the aid of the pH meter, adjust the pH to 8 + 0.2 by dropwise addition first 
of 10 M sodium hydroxide solution then, when approaching the required pH, of 1 I 
sodium hydroxide solution. Remove the tin hydroxide preoipitate by filtering the 
solution through a filter paper washing the preoipitate on the filter at least 
twice with 50 ml portions of water and collecting the filtrate and washing* in a 
250 ml one-mark volumetric flask. Make up to the mark with water and mix. 

Transfer 4*00 ml of this solution into a test tube and add 2.00 ml of the 
chloramine-T reagent. Mix and leave at room temperature for 20 ^ 1 minute. 
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Add 2.00 ml of the colour reagent, mix thoroughly and cap the tube with 
aluminium or plastics foil. 

Transfer the tube quickly into the water bath, controlled at 60 ♦ 0.5°C and 
heat for exactly 20 minutes. 

Cool under running tap water for at least 3 minutes. 

Measure the absorbance at 558 + 2 nm in a glass cell using the spectrophotometer 
or the photoelectric colorimeter equipped with an interference filter. 

Subtract the absorbance measured for the blank solution and read the 
hydroxyproline concentration of the diluted hydrolysate from the calibration curve 
obtained as described above. 

Blank Test 

Carry out in duplicate the same procedure, substituting water for the diluted 
hydrolysate. (Note:- if the absorbance of the blank exceeds 0.040, a fresh colour 
reagent should be prepared and, if necessary the 4-dimethylaminobenzaldehyde 6hould 
be purified. 

Calibration Curve 

Carry out the same procedure again but substituting 4»00 ml of each of the 
four diluted standard hydroxyproline solutions for the diluted hydrolysate. 

Plot the measured absorbance values, corrected for the blank value, against the 
concentrations of the standard hydroxyproline solutions, and construct the beet fitting 
straight line through the plotted points and the origin. 

Duplicate determination 

Carry out two independent deteminations, starting from different test portions. 
Expression of Results 

Calculate the hydroxyproline content, H, of the sample, as a percentage by mas3, 
from the formula 

H - 5h 
m x V 

where 

h is the hydroxyproline concentration, in micrograms per millilitre, of the diluted 
hydrolysate 

m is the mass, in grams, of the tent portion 

V is the volume, in millilitres, of solution taken for dilution to 25O ml 

Take as the result the arithmetic mean of the two values provided that the 

requirement for repeatability is satisfied. Report the result to the nearest 0.01 percent. 

Repeatability of sinfile values 

The difference between the results of the values obtained simultaneously or in 
rapid succession on the duplicate tetst portions by the same analyst shall not exceed 
5 percent of their arithmetic mean. 
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and W. KUNZLER 

C. HERRKAN, C. MEKLE 
and L. KOTTER 

H. KRUGER and D. GROSSKLAUS 



Z. Lebensmittel Untersuch u. Forach. (1969), 
141 253 

Die Nahrung (1970), 14_, 19 

Die Fleischwirtschaft (1971 ), ^1, 577 

17th Meeting European Meat Research Workers 
(Brietol) 1971. Report p. 809 

2. Anal. Chem (1973), 261, 355 

J. Food Sci. (I975)i 4.0, 380 



Die Fleischwirtschaft (1974), 54., 24° 

Die Fleischwirtschaft (1973), 97, 101, 105 
Die Fleischwirtschaft (1970), $0, 1529 



Schmall et al 1953 Analyt. Chem. 2£ i486 

1954 Analyt. Chem. 26 1521 

Rangeley W.R.D. and Lawrie, R.A. 1976 J. Fd. Technol. IX, 143-159 

T. Iida and T. Yamabe 

J. Chromatogr. 1971, 54., 413 

B. Doro and S. Romoli 

Bull. Lab. Chim. Provinciali 1^63, 14(1) . 23 
Anal. Abstr. 1963, 10, 5399 
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Society for Analytical Chemistry - Nitrogen Factors for Meat and Meat Fillers 

Analyst 1961 86 557-560 Pork and rusk filler 

Analyst 1963a 88 422-423 Beef 

Analyst 1963b 88 583-584 Chicken 

Analyst I964 89, 630-631 Liver 

Analyst 1965a £0 256-257 Veal 

Analyst 1965b 22 579-580 Ruek Filler 

Analyst I9650 2£ 58I Turkey 

Analyst I966 9J. 538-539 Kidney 

Analyst I967 21 326-327 Tongue 

Analyst 1968a 21 476-477 Barley 

Analyst 1968b 21 478-479 Blood 

Pearson D. 1975 Analyst 1975 100 73-81 

Hankin, L. JAOAC 48 1965 1122-1126 

Hamence, J.H. Kunwardia, O.H. JAPA 12, 85-92 

Khing R.E. and Lazar A. FDA By-Lines no. 2 Sept. 1976 65-95 

Smith, W.O. and McNeil, E.E. (1972) Anal. Chen. 44., IO84-IO87 

Ponder, C. (1974) £• Assoc . Off . Anal . Chem . 57 , 919-923 

Umberger, E.J. Gass, O.H. and Curtis, J.M. (1958) 
Endocrinology 63_, 8O6-815 

Umberger, E.J. Curtis, J.M. and Cass, G.H. (1959) 
J. Anim . Sci. 18, 221-226 

Kohrman K. A. and MacOee J. JAOAC 60 1977 5-8 
Donoho A.L. et al JAOAC 1973 $6 (4) 785-792 
Bennett n.L. JAOAC £1 I948 513-519 
Fredholm H. Fd. Technol. 21 93-94 1967 
Khing E.T. and Whittle E.G. Food 13. 32 (1944) 
AMC Analyst 329-333 l£ 1951 
Bells 1969 
Coomaraswamy 1972 

Pettinati, J.D. JAOAC 1973 ^6 (5) 1130-1143, 1313-1318 
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C.4. VEGETABLES AJi .J FRUITS 



FRESH VEGETABLES 

Although among the commonest foods, regulitory control does not usually involve 
compositional analysis and visual inspection is adecnaate to detect gross adulteration, 
so routine laboratory analysis of the fresh article is restricted to testing for 
contaminants in most cases. For methods for organochlorine , organophosphorus and 
carbamate pesticides, see the appropriate section. Vegetables and fruits may be 
examined for potentially toxic elements such as copper, lead, cadmium and arsenic. 
MycotoxinB can also occur in these products, e.g. aflatoxin in figs, patulin in 
apples. Analaysis for such contaminants should preferaKy he done as some form of 
systematic contaminants survey. The determination of starch and sugars if often of 
relevance to dietary surveys. 

Potatoes at certain stages of their growth occasionally contain an uniesirably 
high level of solanine, which is not entirely destroyed by cooking. If the tuber has 
been exposed to light while growing it will be green due to the presence of chlorophyll, 
but this is not necessarily accompanied by a high solanine content. Baker, lampitt 
&, Meredith (1955) describe a method for the determination of solanine. 

The composition and analysis of onions are described by Sherratt (1942). The 
yellow patches occasionally seen on onions show under the mioroBcope as needle 
crystals. They are composed of quercetin and generally considered to denote prolonged 
storage. 

The proximate composition of vegetables changes greatly with ripening. The 
proximate composition also varies due to variety, climate, soil, stage at harvest and 
many other factors so it is often very difficult to relate composition to quality 
parameters of interest to the regulatory chemist. The quality of peas and canned corn 
ie judged by the percentage of alcohol-insoluble solids, which may be determined by the 
method given under canned foods. 

FRESH FRUIT 

These should be examined for pesticides, especially fungicides, including 
dithiocarbamates, biphenyl, 2-hydroxybi phenyl, thiabendazole and benomyl. Compounds 
of copper, arsenic and lead may also have been used as fungicides on some crops. 
Citrus fruits and dried fruits may be treated with mineral oil, which can be removed 
with solvent, which is then evaporated and the unsaponi f iable matter weighed. Fruits 
are sometimes treated with colouring matter in an attempt to improve the appearance. 

ISO have published draft standards for the determination of iron (ISO/DIS 551?), 
decomposition of organic matter (wet method); IS0/l)IS 5515 and (dry method); 
ISO/OIS 5516 , and determination of sorhic acid (ISO/MS 5519) in fruits, vegetables and 
derived products. The latter method io based on stoair> distillation followed by 
development of the colour with thiobarbituric acid. The method for benzoic acid in 
fruits, vegetables and derived products given here ie similar to ISO draft ISO/DIS 5518. 

Proximate analysis of fruit and vegetable products is generally carried out by 
standard methods such as those described in this manual (Proximate Analysis). 
Homogeneity of the sample can be difficult to achieve and it may be necessary to blend 
or otherwise homogenise quite large amounts. Reports should always state how the 
Bample was prepared, whether it was peeled, ready-to— eat, cooked or uncooked, etc. 
For the determination of total solids, ISO/R 1026-1969 recommends drying at 70° c and 
20-25mm mercury to 'constant weight' (change of <C. 001 g/hr), in the presence of 
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filter paper for liquid and semi-liquid products or the method of Dean <fc Stark, 
using benzene. For the vacuum-drying method, a slow current of air (about 40 l/hr 
at HTP), dried by sulphurio aoid, is recommended. Determinations on 10 percent 
sucrose solution and 1 percent lactic acid are suggested as checks on the method, 
ISO methods for water-insoluble solids (R751-1968), titratable acidity (R75O-I968), 
mineral impurities (R762-1968) and acid-insoluble ash (R763-1971) are according to 
the generally used procedures as described in the relevant part of this manual. 

Benomyl, methyl l-butylcarbamoyl/bensimidazol-2-yl-carbamate , a fungicide used 
on fruit, may be determined by the method of Pease and Gardiner (I969) and Pease 
and Holt (1971) or that of Cox, Donegan & Pinegar (1974). The paper by Rajzroan (1974) 
gives a useful discussion of some of the difficulties of analysis of citrus fruits for 
thiabendazole. The Preservative in Pood Regulations (1975) S.I. no. 1437 gives the 
U.K. official method for biphenyl and o-phenylphenol including sampling requirements. 
The AOAC ( 1975» 29. 059 ) describes a similar method for biphenyl. 

Ascorbic acid may be determined by the method of Kum-Tatt A Leong (1964). See 
also Parkinson (1952), Liebmann and Ayres (1945), Evered (i960) and Loeffler & Ponting 
at the Canada Dept. of Agriculture. 

CANNED VEGETABLES AND FRUITS 

General 

These may be submitted as samples because the condition of the can leads to a 
suspioion that the contents are spoiled. In this case, it is important to have several 
cans, as bacteriological examination may require half a dozen, and it is much easier to 
carry out chemical tests if two or three extra cans are available. 

The can is first tested for vacuum, which should be about 200-300mm below 
atmospheric pressure and never loss than 75mm below atmospheric pressure. If it is 
zero, the contents should be tested for tin. A positive pressure as in a swollen can 
is likely to be due to hydrogen derived from chemical action on the can itself or to 
carbon dioxide due to product decomposition. Hydrogen lights with a popping noise. 
Carbon dioxide may be absorbed into lime water, or into sodium hydroxide solution. 
Identification of the gas may be used to obtain confirmation of bacteriological results. 
Once the can is open, the can coating is inspected to see if it is intact. The can must 
be checked for pin-holes, especially if there is rust on the external surface. Cans 
with pin-holes should always be removed from sale, as they could become contaminated 
at any time, if not already so. Outside, rust tends to be around the seams, and where 
the label is glued. Complete detinning is indicated if the inside of the can rusts 
quickly after emptying and being left to dry. 

The bacteriological examination is the most important in the case of swollen 
(blown) cans but the oontents should also be examined for tin, lead and pH. 

Interpretation of bacteriological results is beyond the scope of this book. 
Suffice it to say that the swell may be "hard" or "soft", and hard swells are almost 
invariably due to baoteriological contamination, which may be due to Clostridium spp, 
and therefore such cans should only be opened under the supervision of a competent 
bacteriologist. Slight swelling may also be due to overfilling of the can, so swollen 
cans should not be reported as unsatisfactory without proper examination. Overfilling 
is a quality control problem of more interest to the catiner than inspection authorities. 
On the other hand, the volume of gas in the can, called the "headspace", should not be 
excessive. At least 90 peroent fill (headepace maximum 10 percent) is a reasonable 
general standard, but there are exceptions. 

Sound cans will usually be examined for headspace and vacuum and the contents for 
drained weight, pH, acidity and specific gravity of the liquor and metallic contaminants, 
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most importantly lead, arsenic and tin but also cadmium, aino, meroury and copper. 

In the absence of national legislation, more than 250 flg/kg of tin or 20 mg/kg 
of copper might be considered excessive and occasionally products containing leBS 
than these amounts may be of bitter or metallic taste. Limits for tin in certain 
canned foods have been reoommended by the Codex Alimentarius Commission. Details 
are given in the chapter on contaminants. 

Canned fruits and vegetables may also be analysed to assess nutritional quality 
and for contaminants and additives other than those mentioned above, pesticide residues 
and colouring matters in particular. 

Salt, sugars and "conditioners" such as the phosphates, sulphate, citrate or 
ohloride of calcium* or double sulphates of aluminium with an alkali metal may be 
added to vegetables during canning, and mention of this addition on the label may 
be required. Since calcium and, at a lover level aluminium, mostly occur naturally 
in food products, careful comparison of the normal range for the untreated article 
with the results of analysis would be necessary before any statement oould be made that 
addition without declaration bad taken place. 

The proportion of total solids and alcohol-insoluble solids in canned processed 
peas are higher than in canned garden peas and therefore these parameters are used to 
check label claims. 

Apart from the determinations mentioned above, the syrup strength of the fill 
liquor is of importance. 

The final syrup strength, known as the "out-out" strength, may be determined by 
refractome ter or by density, e.g. with a Westphal balance. Generally, the syrup used 
in canning will have a higher osmotio potential than the cellular liquid in the fruit 
and water will therefore be drawn out of the fruit, diluting the syrup. The drained 
weight of the fruit will thus tend to be lower than the "filled weight", that is, the 
weight of fruit put into the can at the time of filling. The degree to which these 
changes take place depends on the strength of the syrup used, the type of fruit, its 
ripeness and succulence and the ratio of fruit to syrup. The cut-out strength and 
drained weight from fixed initial syrup strength and filled weight will therefore vary 
over a considerable range. Conversely, the canner has to put in substantially more 
fruit in order to be sure of conforming to a minimum drained weight. It is therefore 
important to take the average drained weight of at least ten oans. Codex recommended 
standards include definitions of different syrups in terms of degrees Brix. These 
are detailed in the accompanying table. 

If erythrosine has been used as a oolour, the oan contents should be examined 
for the presence of fluorescein, formed by interaction between erythrosine and the tin, 
and iron present. 

Canned grapes may contain argol crystals (Kagan et al, 1965) crude potassium 
bitartrate, which oan be mistaken for glass by the layman. Similarly, calcium 
tartrate has been reported in cherries (Dickinson & Fowler, 1955). Orange spots 
on mandarins may be naringin. The mould Byosoohlamys fulva may withntan 1 processing 
and will then break down the pectin in fruits, e.g. strawberries, causing their 
disintegration. 



* For example, Canada prescribes a maximum of 0.026^ expressed as calcium 
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The various Codex recommended standards for canned fruits generally set limits 
for drained weight, minimum fill, cut-out strength of the syrup and quality criteria 
such as maxima for blemished, broken or otherwise defective fruit. The standards also 
indicate acceptable labelling and in some cases limits for additives such as firming 
agents, flavours, acidifying agents, anti-foaaing agents, colouring matters, anti- 
clouding agents and antioxidants. Some standards recommended a maximum for tin of 
250 mg/kg. 



Minimum out-out strength of syrup in degrees Brix 

Slightly Extra Light Heavy Extra CAC Ho. 

sweetened light syrup syrup heavy 
syrup Byrup syrup 



Peaches 




10 


14 


18 


22 


14-1969 


Grape fruit 


12 




16 


18 




15-1969 


Pineapple 




10 


14 


18 


22 


42-1970 


Plums 






15 


19 




59-1972 


Raspberries 






15 


20 




6O-1972 


Pears 






14 


18 




6I-1972 


Strawberries 






14 


18 




62-1972 


Mandarin 




10 


14 


18 


22 


68-1974 


oranges 














Fruit 




10 


14 


18 


22 


78-1976 



Cocktail 
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DRAINED WEIGHT 



PRINCIP1£ 



The sample is drained on a standard mesh sieve. The weight of material 
remaining in the sieve is expressed as a percentage of the can contents. 

APPARATUS 

1. Sieve with square openings 2.8mm x 2.8mm (no. 6 B.S. ). Use a sieve with square 
openings 11.2 x 11.2mm for canned tomatoes. Use a 20cm sieve if the total weight of 
the produce is under 1.5 kilos and a 30cm sieve if it is over. 

PROCEDURE 

Weigh the full can, open and pour the entire contents on a oircular sieve for 
whioh a tare has been established. Without shifting the product, incline the sieve 
so as to facilitate drainage. In the case of products with a cavity such as peach 
halves, invert if necessary so that liquid can drain from the cavity but otherwise 
the product should not be touched. Drain 2 minutes, weigh either drained solids or 
free liquid direct, and weigh the dried empty can. 

For products in canned sauce, it is usual to determine the "washed drained weight". 
Use a sieve with square openings 0.3 x 0.3 mm. Wash the contents of the oan on to the 
sieve, and rinse with running cold water and then running hot water until free of 
adhering substances. Spread the product out on the sieve, leave to drain 5 minutes, dry 
the underside of the sieve and weigh. 

RENC 



- CAC/RM 36/37 1970 and CAc/RM 44-1972. 
RETATION 

The following standards have been recommended by the Codex Aliraentarius Commissionj 



Canned mushrooms 

Canned mature processed peas 

Canned green peas 

Canned sweet corn (whole kernel) 



Canned green 
wax beans 



Canned green beans and canned 
wax beans 

Canned asparagus, peeled 
Canned asparagus, peeled 
Canned asparagus, unpeeled 
Canned asparagus, unpeeled 



Minimum % m/m Drained Weight 

53 (27.5 if packed in sauce) 

60 (alternative to min. of 19.5* 
total solids) 

60 
61 

50 for "whole" and "slieed 
lengthwise" style 

55 for other styles 



60 for long shoots 

58 for all other styles 

57 for long shoots and shoots 

55 for all other styles 



RS 55-1972 
RS 81-1976 

RS 58-1972 
RS 18-1969 
RS 16-1969 

RS 16-1969 

RS 56-1972 
RS 56-1972 
RS 56-1972 
RS 57-1972 
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Fruit 



imum jo 



i weight 



CAC Ho. 



Canned tomatoes 
Canned peaches 



olingstone type 
freestone type 

Canned grapefruit 

Canned pineapple 

All styleB other than whole or 
crushed or chips styles 

Regular packs t crushed or chips 
etylea 

Heavy packt crushed or chips 
styles when designated as 
•Heavy Ifcck' 

Solid packt crushed or chips 
styles when designated as 1 solid 
paok' 

Canned plume, whole style 
Canned plums, halves style 
Canned raspberries 
Canned pears 

Whole style 

Halves, quarters, slices, 
pieces 

Diced 
Canned strawberries 
Canned matidarin oranges 

Whole segment style 

Broken segment and pieoes 
style 



50 

In extra 
heavy and 



57 
54 



50 

58 

63 

73 

78 
50 
55 
37 

50 

53 
60 

35 

55 
58 



In light + Solid 
extra light pack 



84 
82 



RS 13-1969 
RS 14-1969* 



59 
56 



RS 15-1969 
RS 42-1970 



RS 59-1972 

RS 60-1972 
RS 61-1972 



RS 62-1972 
RS 68-1974 



» Does not apply to 'whole style' 
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PEAS, MICROSCOPICAL EXAMINATION 

PRINCIPLE 

Microscopical examination permits differentiation of wrinkle-seeded and smooth 
seeded peas. The method applies to both quick-frozen and canned products. 

APPARATUS 

1. Compound microscope - 100 to 2^0 magnification. 

- Phase contrast. 

2. Microscope slide and cover glass. 

3. Spatula. 
REAGENTS 

1. Ethanol - 95* v/v. 

2. Glycerin. 
PROCEDURE 

Preparing the mount. 

Remove a small portion of the endosperm and place on a glass slide, using a spatula 
grind the material with 95^ v/v ethanol. Add a drop of glycerin, place a cover glass on 
the material and examine under the microscope. 

Identification. 

Starch granules of the wrinkled-seeded types (garden peas, sweet) show up 
as dear cut, well defined, generally spherical particles. 

Starch granules of the smooth-seeded types (round, early, continental) show up as 
an amorphous mass with no well defined geometric shape. 

REFERENCE 

CAC/RM 48-1972. 
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ALCOHOL-INSOLUBLE SOLIDS IN CANNED PEAS 

PRINCIPLE 

As for alcohol-insoluble solids in quiok-frosen peaB. 
APPARATUS 

1. Sieve , with square openings 2.8 x 2.8 mm, 20cm if total oontents of sample are 
less than 1.5 kilos, 30om if more. 

2. White dish or pan. 

3. Analytical balance. 

4. Beaker, 600-ml. 

5. Buchner funnel. 

6. Drying dish with lid, flat bottomed. 

7. Hot plates or boiling water bath. 

8. Desiccator with active desiccant. 

9. Drying oven, well ventilated and thermostatically controlled and adjusted to 
operate at 100 + 2 C. 

10. Filter paper, Whatman No. 1 or equivalent. 

11. Macerator or food ohopper. 

12. "Policemen" on glass rode bent eo as to facilitate cleaning flask or beaker. 
KEAOEHTS 

1. Ethanol (95*) or denaturated ethanol (ethanol denaturated with 5* v/v methanol). 

2, Diluted ethanol or diluted denaturated ethanol 80* v/v - (dilute 8 parts by 
volume of 95* ethanol to 9.5 parts by volume with H 2 0). 

PROCEDURE 

Pour the sample onto the sieve. Spread peas evenly and let them drain. Transfer 
peas to white pan and remove any foreign material. Add volume H 2 0 equal to double volume 
of the original sample. 

Pour yeas back onto sieve, spreading evenly) tilt sieve as muoh as possible 
without shifting the peas, and drain for 2 minutes. With cloth, wipe surplus moisture 
from lower surface of sieve. Grind the drained peas in a food chopper until the 
cotyledons are reduced to a smooth homogeneous paste, stir and weigh 20g of the ground 
material into a 600-ml beaker. Add 300ml of 80* (v/v) alcohol, stir, cover the beaker 
and bring to the boil. Simmer slowly for 30 minutes. 

Pit into a Buchner a filter paper of an appropriate size (previously prepared by 
drying in a flat-bottom dish for 2 hours at 100°C, covering with a tight fitting oover, 
cooling in a desiccator and weighing at once). Apply suction and transfer the contents 
of the beaker to the BQohner funnel without allowing the sample to spread beyond the 
edge of the paper. Suck dry and wash the material on a filter with 80* (v/v) alcohol 
until the washings are clear and colourless. 



Copyrighted material 



- 211 - 



Transfer the paper and alcohol-insoluble solids to the dish used in the 
preparation of the paper, dry uncovered for 2 hours at 100°C, place a cover on the 
dish, cool in a desiooator and weigh at once. From this weight, deduct the weight 
of dish, cover and paper. 

CALCULATION 

Calculate % ra/m of alcohol-insoluble solids. 
REFERENCE 

CAC/RM 47-1972. 
DiTERPRETATION 

Peas, Pi b urn sativum, may be of the wrinkle— seeded or smooth-seeded varieties. 
Wrinkle-seeded varieties are also called sweet green and garden peas, and include 
"Kelvedon Wonder" and "Dark Skin Perfection". Smooth-seeded peas, also known as 
"early June" and "Continental" include varieties such as "Alaska". Hybrids produced 
so far have generally had the characteristics of the wrinkled type. 

Smooth peas have a higher alcohol-insoluble solids content than wrinkled peas. 
Peas that have been dried and subsequently re-soaked and canned ("processed") have a 
higher aloohol-inBoluble solids oontent than those canned direotly, as they will have 
been harvested when more mature. 



Typical re- 
sults on 
produot 
sold 



FVCQFRA * 



Directly canned 
wrinkled 



11-165& occasionally 



Directly canned 
smooth 

up to 2556 



\ Houlbrooke (1963) 10.1-19.7 (42 Bamples submitted 
) "garden", variety unknown) 



U.S. Standard 



CAC Standard 
(CAC/RS 58-1972) 



Not more than 21$ 

Not more than 2Vf> 



Not more than 
23.5*»* 



" processed " 



26-30 

21.8-27 
(24 samples) 

None 



* Fruit and Vegetable Canning and Quick Freezing Research Association, Chipping 
Campden, U.K. 

»» A change to 21% is under disoussion in the USA at the time of writing. 
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THE CONDITIO" OF THE CAN* 

Some basic information is discussed in some detail as the oanner may be unaware of 
problems until these are brought to his attention many months after processing and as 
many details as possible from the regulatory laboratory may be helpful in enabling him 
to choose a better can, alter processing or otherwise avoid a repetition of the problem. 



0.19-0.5 mm mild steel 



*x-Sn coating 0.15 miorometres - 2.1 (l.l g/a ^~ 15.1 g/m ) 
thinnest for food 0.38 micrometres (2,8 g/m ) 

(■Oxide film about .002 micrometres ) removed during processing 
toil layer ) or storage 

The tinning is not perfect and some areas of mild 
j* steel base will always be exposed to the product. 

Alloy (PeSng) 

Fig. 1. Schematio representation of the structure of tinplate 



For beer and beverages, acidified beetroot, berry fruits, eto. the tin is 
lacquered, the underlying mild Bteel having a low corrosion resistance. Tin may be 
laoquered for many other products or just for effect. Detinning by acid foods takes 
place more slowly on tin with a more complete alloy layer. 

Laoquers are usually sprayed on at the rate of 6-9 g/m 2 (which needs two 
sprayings) when the tin is flat and where it is important that the product ices not 
interact with the oan (beer and beverages), the seam is given a "wipe" after can 
fabrication. There are often lines on tinplate which can be used to identify its 
type. 

The tinned mild steel sheet may be used as it is or coated with lacquer, enamel 
or plastic. Cans ooated with these last three but without tinning are alBO used for 
oertain produots. 

Reaction of the Contents with the Tinplate 
The three main types of reaction are: 

- corrosion of the tin coating} 

- localized corrosion causing pitting of the mild steel base? 

- staining. 

These reactions may occur singly or in combination and will normally occur to 
some extent, the p^duct only becoming objeotionable if they have occurred to excees. 



* Grateful acknowledgment is made to CSIRO who gave permission for most of the material 
here to be taken from "Diagnosis of Corrosion Problems in Tinplate Food Cane" by 
Board, P.W. and Steele, Division of Food Research Technio*l Paper Ho. 41, CSIRO 1975* 
Melbourne, Australia. 
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Corrosion of the tin is essential because it provides electrochemical protection 
to the minute areas of base steel that are exposed to the product through pores and 
unavoidable scratches in the tin coating. Normally, etching should oocur evenly over 
the wetted internal surface of the oanj in the firBt month or so the mirror surface 
of the tin coating should change to one in which the shape of the individual tin 
oryetals may be seen with the eye (Fig.2) with most products, definition of the 
crystal boundaries in the tin should become clearer over the first year at tempera- 
tures of about 25°C, but no detinned areas should be visible. Detinned areas are 
identified by their grey surface (Pig. 3), by resistance to scratching with a needle 
and by a tendency to rust rapidly when exposed to water and air. Detinned areas should 
not be seen in oans stored for less than lV2 - I yearn. 

Examination with a lens or microscope of oans undergoing uniform etching should 
show no evidence of oorrosion of the base steel until detinning is extensive. However, 
localised areas of detinning may occur around the spots of solder that are sometimes 
found near the side seams of oans (Pig. 4). These detinned areas should not be confused 
with pitting oorrosion (q.v. ) and they do not oause early failure of the oan. 

Rapid detinning 

Unusually rapid detinning in plain oans will result in the accumulation of 
unacceptable levels of tin and iron in the product and sometimes in the early development 
of hydrogen swells. Rapid detinning is oaused by the use of plate with a tin coating 
mass that is too light, or by a product that is intrinsically too corrosive or contains 
corrosion accelerators. Hitrate in products with pH >6 has been implicated in incidents 
of rapid detinning, but dissolved oxygen, some dyes, anthocyanins and amine oxides also 
accelerate corrosion. During the detinning process these compounds, termed depolarizers, 
are chemically reduced, so loss of colour is evidence of the depolarising aotion of some 
substance or substances. Sulphur dioxide may affect the oan and therefore should be 
absent from fruit used for canning. If it is desired to try to establish the cause of 
unexpectedly oorroded oans, it may be worthwhile to look for sulphur dioxide. 

Plain cans are unsuitable for foods containing active depolarizers. If possible, 
such foods should be packed in laoquered oans or the product should be modified to 
remove or inactivate the depolarizer. 

Waterline Detinning 

Uneven detinning is another result of product-container incompatibility or of 
unsatisfactory canning practice (Pig. 5). If the can is detinned at the interface 
between product and headspace within a week or so of processing, it is likely that the 
oan contained excessive amounts of oxygen when it was olosed. The headspace volume 
may be large, the vacuum may be poor or the produot may have been inadequately deoxy- 
genated. If the cans are leaky, air will enter the headspace. Alternatively, the tin 
coating may be too light, 

Waterline detinning, as this condition is often called, will usually be followed 
by even etohing of the rest of the can once the oxygen has been oonsumed. However, 
detinning will be somewhat faster because of the increased area of exposed steel and 
the shelf life of the oans trill be marginally ahortened. Red rust is sometimes found 
at the headspace end of oans closed with excessive levels of residual oxygen, but 
should the oan be shaken before examination, the rust may be dislodged or dissolved by 
the produot. The only evidence of the previous existence of rust will be isolated areas 
of detinning with shallow pits in the base steel. 
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Side-eeam detinnlng 

Preferential detinning of the side seam usually occurs in oans made from plate 
given catbodio dichromate (CUE) passivation treatment (the most common) (Fig. 6). The 
passivated surface of the plate resists the attack of the product except where the tin 
ooating was ref lowered and the passive film disrupted by the heat of soldering) this 
area is then preferentially detinned. This condition is usually seen with mildly 
corrosive products, such as tomato soup, packed in CDC plate) it has oaused very large 
commercial losses. The problem may be overcome by using plate passivated by the sodium 
dichromate dip treatment (SDD) which gives even etching of the wetted surfaces of the 
can, or by using lacquered oans. 

Pitting Corrosion 

If the tin does not corrode for one reason or another, then the spots of the mild 
steel base that are exposed to the product will probably corrode instead. This may 
occur due to protective substances in the product being preferentially adsorbed on to 
the tin) this can happen with sauerkraut. The resulting pits in the steel can usually 
be seen by the aid of a hand- lens or low-power microscope. They may appear to be 
covered by an intact layer of tin, but scratching with a sharp needle will usually show 
that this is no longer plated to the layer beneath. This type of corrosion produces 
hydrogen which may have resulted in swelling of the can, and been detected by collection 
of the gases as the can was pierced. The manufacturer may have to use lacquered cans 
in order to overcome this problem. 

Sulphide Staining 

Blaok sulphide staining due to PeS usually occurs at isolated points on the oan mainly 
in the headspaoe region. It can be avoided by using laoquered cans, or cans with lacquered 
ends. It looks objectionable and therefore may give rise to consumer complaints but is 
in fact harmless. Iron sulphide stains rub off very easily. 

Tin sulphide stain is also harmless and is blue-black (sometimes brown) and adheres 
firmly to the tinned surface. It can be removed by rubbing with a wet eraser or by 
cuthodio treatment in yfa Na^CO^ at 6 volts. This serves to distinguish this type of 
staining from detinning (contrast Fig. 7 A Fig. 3). Localized sulphide staining may 
be seen in meat product*. 

Reaction between lacquered Cans and Products 

If the lacquer layer is not continuous, the acidic food usually processed in 
this type of can will soon attack the underlying metal. This will be apparent from 
the appearance of the laoquer film. Objection need only be taken if swelling has 
occurred, the product has acquired a metallic taste, the tin level is excessive, the 
can has rusted inside and contaminated the contents, or pin-holes have formed. 
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fruit juices 



Fruit juices should be examined for preservatives, sulphur dioxide usually being 
the preservative moat usually present, and for vitamin C and trace metals. As 
extensive a compositional analysis as possible should be carried out. Acidity, 
determined by titration to phenolphthalein or a potentiometric end-point, is expressed 
as the acid characteristic of the fruit - citrio in citrus, malic in apples and pears, 
tartaric in grape products, eto. Adulteration can be extremely sophisticated and the 
analyst is strongly advised not to report adversely on samples without careful methods 
validation and a thorough understanding of the interpretation of the results of fruit 
juice analysis. 

Recent reviews include those of Herrmann (l97l) Wallrauch (1975), and 
Wuoherpfennig (1976). 

Orange Juice 

The review of Hears and Shenton (1973) and the paper by Sawyer (1963) are very 
useful as an introduction to the problems of the detection of adulterations of orange 
and grapefruit juices. There is evidence of the manufacture of products specifically 
intended for the adulteration of orange juice (Kefford, I969, Anon 1972, Kooh & Hess 
1971). "ore reoent papers on the adulteration of this juioe include those of Benk 
1971, 1971a), Benk A Bergmann (1971), Rother (1971), Katsouras (1971) Weits et al 
1971), van Oils and van den Bergh (1974) and the review of Koch (1975). 

Generally speaking, a single analytical parameter is not reliable as an indication 
of adulteration and it is for this reason that as many constituents as possible should 
be determined. The difficulty is accentuated by the wide natural variation. Variation 
is less in fruits of specified variety, locality and soil characteristics, but these 
details are rarely available to the enforcement analyst. In genuine orange juioe the 
analytical parameters show relationships within certain limits. -The data is therefore 
susceptible to statistical examination, either by use of the j£ distribution (Lifshitz, 
Stepak * Brown 1971) or regression analysis (Coffin, 1968). Brown (1975) discusses 
the use of combined non-independent, one-sided tests of significance. 

Codex Standard for Orange Juice Preserved Exclusively by Physioal Means (CAC/RS 45.1971 ) 

Orange juice is defined as the unfermented but fermentable juioe, intended for 
direct consumption, obtained by a mechanical process from the endocarp of sound, ripe 
oranges (Citrus sinensis (L.) Osbeck). The juice may contain up to 10$ m/m of mandarine 
juice (Citrus reticulata Blanco). The juice may have been concentrated and later 
reconstituted with water provided the quality of the latter is adequate to the essential 
composition and quality factors of the juice. 

The soluble solids exclusive of added sugar shall be not less than 10$ m/m as 
determined by refractometer at 10°C, uncorrected for acidity and read as °Brix on the 
International Sucrose Scale. SucroBe, dextrose or dried glucose syrup may be added as 
long as the total added sugars do not exceed 5$. The product shall have the oharaoteristio 
oolour, aroma and flavour of orange juice. Natural volatile orange juice components 
may be restored to any orange juice from which natural orange juice components have been 
removed. The addition of concentrate to juice is permitted. Only concentrate from 
orange (Citrus sinensis (L. ) Osbeok) and mandarine (Citrus reticulate Blanco) may be 
used. There shall be only traces of volatile acids present, the ethanol content shall 
not exceed 3 g/kg nor the essential oils content 0.4 ml/kg. Limits for toxic elements 
are as follows t 
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Arsenic (As) 
Lead (Pb) 

Copper (Cu) 
Zinc (Zn) 
Iron (Pe) 
Tin (Sn) 



Total metal content precipitable by 
potassium hexacyano ferrate (II) 



Maximum level 
0.2 mg/kg 

0.3 mg/kg (temporarily 
endorsed) 

5 mg/kg 

5 mg/kg 

15 mg/kg 

250 mg/kg (temporarily 
endorsed) 

20 mg/kg, expressed as Pe 



The product must occupy not less than 90$ v/v of the water capacity of the 
container. The complete list of ingredients must be declared on the lable in 
descending order of proportion, and mention must be made of reconstitution if 
preparation involved that process. CAc/HS 64-1972 relates to concentrated orange 
juice, and requires that juice reconstituted from the concentrate complies with 
CAC/RS 45-1971, except that the soluble solids must be at least ll£ m/m. 



The contents of sugars as a percentage of total sugars expressed 
usually in the following ranges in genuine orange juice: 



as invert are 



Sucrose: 
Glucose: 
Fructose 



30.6 - 56.0^ 
22.6 - 33.0^ 
18.1 - 37.2* 



The sucrose: invert sugar ratio does not exceed 1.3il. The amino-acid pattern 
and carboxylic acid pattern are useful indications of adulteration. Synthetic 
carotenoids and glycine are possible additives used to hide adulteration with added 
water and sugar. Addition of peel and pulp is indicated by an abormally high 
chloramine value and pentose equivalent. Beet-sugar is a possible source of betaine. 
Serine averages about 38 mg/lOO g in juice and levels in pulp and peel are similar. 

ANALYSIS OF ORANGE JUICE 

The sugars present may be detected by TLC and a suitable combination of the 
routine methods devised for the quantitative estimation of these present. Acidity 
is determined by titration to pH 8.2, using phenolphthalein or a pH meter. The 
result is expressed as percentage m/m of citric aoid. The organic acids present may 
be detected by paper chromatography. Ethanol may be determined as in beer, but the 
sample should be neutralized first. 
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FORMOL NUMBER 

PRINCIPLE 

By the addition of formaldehyde one H + ie liberated per molecule of amino-aoid. 
It ia titrated with alkali. The secondary amino-group of histidine does not react) 
those ofproline and hydroxy-proline react to about 75#. Tertiary nitrogen and 
guanidine-groups undergo no reaction. 

APPARATUS 

Eleotrioal pH-apparatua 

HKAOEMTS 

1. Sodium hydroxide, 0.25* 

2. Formaldehyde solutions pure formalin of at leaBt 355^ is brought exaotly to 
pH 8.1 with dilute sodium hydroxide as determined by means of the pH-meter 

3. Hydrogen peroxide, pure, 30$ 
PROCEDURE 

25ml fruit juice (for lemon juice 10ml + 10 dist. water) or the corresponding 
amount of ooncentrate diluted to this volume are neutralized in a beaker with 0.25M 
sodium hydroxide to pH8. 1 on the pH-meter; 10ml of the above formaldehyde solution 
h> then added. After oa. 1 minute the solution is titrated potentiometrioally to 
pH8. 1 with 0.25M sodium hydroxide. 

If more than 20ml 0. 25M sodium hydroxide are taken up, the titration is to be 
repeated using 15ml formaldehyde solution instead of 10ml. When sulphur dioxide is 
present the sample is treated with a few drops of 30# hydrogen peroxide before 
neutralisation. 

CALCULATION 

The amount of alkali used in the titration, expressed as nl 0.1 I alkali and 

referred to 100ml fruit juice or lOOg oonoentrate, is equal to the formol number of 
the sample under test. 

Remark: In the literature the formol number may also be found defined as ml N 
alkali for each 100ml sample, which corresponds to values 10 times smaller than those 
given by the preceding method of calculation. 

STATEMENT OF RESULTS 

In whole numbers (without decimals ). 

REMARKS 

As fruits ripen the formol number of the juice tends to decrease as a rule. 
Conversely, on storage of the juice a slight increase may be noted. Various factors 
can lead to a lowering of the formol number of a fruit juice, e.g. treatment with 
ion-exchangers or an addition of ascorbic acid. 
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DETECTION OP ORGANIC ACIDS 

PRINCIPLE 

The organio acids present in fruit juioes oan be separated by descending paper- 
chromatography. After drying the paper the acid spots obtained are first of all 
sprayed with an aoridine solution. Under the UV-lamp they can be detected by their 
yellow fluorescence. By additional spraying of the paper with an alcoholio solution 
of bromopbenol blue they oan also be detected as yellow spots on a blue background. 
For the identification of unknown acids it is recommended to use developing solvents 
of varying composition. 

APPARATUS 

1. 1 glass chromatography tank with two solvent troughs, 40om long, 30om wide 
and 55cm high, sealable 

2. Micro-pipette, 20 microlitre capacity 

3. 1 spray assembly 

4. Chromatography paper, Schleicher and Schuell, No. 2043 b or Whatman equivalent. 

5. 1 warm-air drier 

6. 1 Ultraviolet lamp (speotral range: 280-360 NM) 
REAGENTS 

Solvent Tnixture it 

1. 7. 5 parts n—butanol 

2. 2.5 parts tert. amyl alcohol, pure 

3. 3 parts formic acid, 98^ purest, anhydrous 

4. 3 parts dist. water 

This mixture i6 to be mixed at least 24 hours before use in a separating funnel. 
The lower aqueous layer is separated and kept. It will be used later for equilibrating 
the ohromatograph tank. 

Solvent mixture li t 

1. 95 parts n-butanol, saturated with dist. water 

2. 5 parts formic acid, 9856 purest anhydrous 
Solvent mixture III ; 

1. 500g phenol, Merck, anal. gr. 

2. 6.7ml formio acid, 98^ purest anhydrous 

3. 167ml dist. water 

All three solvent mixtures are stable for 1 week. 
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SPRAT REAGENTS : 

1. Alooholic bromophenol blue solution, 0.4 g/l (thiB solution ie to b© neutralized 
with 0,1 K HaOH until the appearance of the first blue-green coloration) 

2. Acridine solution, 250mg aoridine dissolved in 200ml ethanol 

3. Cation exchanger Dover 50, 12$ cross-linked, 50-100 mesh BSS, H + form 

4. Standard acids (tartario acid, malio acid, citric acid, lactio acid, suocinio 
acid etc., each 5 g/l) 

PROCEDURE 

10ml of the fruit juice to be investigated are vigorously shaken three tines, 
each for 1 min. and each time with lg cation exchanger Dowex 50 (H ), without 
intermediate filtration. After filtration the free fruit acids can be separated 
by paper-chromatography. Sugars in fruit juioes can interfere in the separation 
if present in too high a concentration. It is therefore recommended that in suoh 
cases 10-20 Jfl, at the most 40 fl t of the test liquid be spotted on the paper. 

Preparation of the chromatography paper 

Chromatography papers are very sensitive to contact with acidB and alkalis. 
Stringent cleanliness is therefore to be observed when outting and marking papers 
(wash hands, use clean supports, etc. ). 

The width of paper chosen can be varied according to the number of samples or 
standard aoids to be examined. With a width of eg. 20om 8 starting points can be 
applied. A distance from the margin of 3cm on each side should invariably be 
observed whatever the width of the paper. 

The individual substances are applied by means of a blood-sugar pipette. 
10-20 yl of eaoh solution is applied to the starting point in 4 portions of about 
equal size (oa 7cm from the upper edge). After each application the moist spot of 
paper is dried by the warm-air drier. The standard aoids assumed present in the fruit 
juice under examination are also applied in a similar way. 

Development of the chromatogram 

The chromatograph tank is lined with filter paper on the inner side} the bottom 
of the tank ia suitably moistened with ca. 10-20ml of the aqueous phase. 

If especially repeatable chroma to grams are required, and if time permits, it is 
recommended to hang the spotted chromatogram in the empty chromatograph trough overnight. 
Next day the Bolvent is introduced. Development proceeds by the descending technique. 
The time of running is at least 10-15 hours aocording to the choice of solvent. 

Drying the chromatogram 

The developed chromatogram is removed from thetank and dried for 3-4 hours in a 
stream of cold air (chamber with ventilator). When the solvent contains phenol, the 
drying is carried out for one hour with a hot-air drier at 70°C. 

Visualisation 

(a) Spraying with acridine solution: the dried chromatogram is sprayed on each 
side with acridine solution. After a short drying-off it is viewed under the 
UV-lamp. The aoid spots can be distinguished as sharply defined, brightly glowing 
yellow Bpots. It is recommended that the outlines of the spots be lightly marked 
in with a hard pencil. 
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(b) Spraying with bromophenol blue solution: In order to make the acid spots also 
visible by ordinary light, it is recommended that the chroraatoeram be additionally 
sprayed on both sides with bromophenol blue solution. The acid spots can then be 
distinguished as yellow zones on a blue background. 

EVALUATION OP THE CHROMATOC RAM 

The RF-values serve as an aid in the characterisation of the individual acids. 
These values are, however, influenced by many factors, so that they are not to be 
taken as absolute values, but as reference points in the characterisation. Unequivocal 
results will be obtained if the acids to be identified are run together with the 
standard acids presumed present. The approximate RF-values for the different acids 
run in solvent mixtures I, II and III oan be taken from the following tables. 



Ac las 


Solvent I 
(n— butanol— 
tert, amylalcohol 
-formic acid- 
water) 
RF-Values 


Solvent II 
(n-butanol, HgO 
-eaturated- 
formio acid) 

RF-Values 


Solvent IH 
{ phenol- 
formic acid- 
water) 

RF-Values 


Galaoturonic acid 


0.04 


0.08 


0.23 


Gluconic acid 


0.05 






Quinic acid 


0.14 


0.22 


0.52 


Tartaric acid 


0.18 


0.32 


0. 20 


Ascorbic acid 


0.28 


0.32** 


0.41 


Citric acid 


0.32 


0.48 


0.24 and 0.28 


Malic acid 


0.39 


0.55 


0.42 


Chlorogenic acid* 


0.41 


0. 58 


0.71 


o< -Ketoglutaric acid 


0.56 


o. 69 


0. 60 


Lactic acid 


0.67 


0. 78 


0.72 


Succinic acid 


0.67 


0.80 


0. 66 


Caffeic acid* 


0.69 


0.82 


0. 62 


Glutaric acid 


0.75 


0.85 


0.79 


Fumaric acid 


0.83 


0. 89** 


0.63 


Laevulic acid 






0.90 



* These acids can be distinguished >y their blue fluorescence if the unsprayed 
chromatogram is viewed under the UV-lanp 

** Visible in UV-light as dark violet spots before spraying 



REMARKS 

(a) If acids present only in traces are to be detected, provided that the sugar 
content is below 20 g/l, juice volumes up to 50 yl may be applied directly to the 
paper. 

(b) The ion exchange treatment described also sets free inorganic acids that may 

be present} after development they are usually found near the starting point. This 
fact must be taken into account in the identification of unknown acids. 
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(o) Volatile acids such as formic acid, acetic acid, etc. cannot be separated by 
acid solvents, they volatilise during the drying of the samples applied. 

(d) For semi— quantitative determinations suitable standard acids are applied at 
different concentrations. Conclusions as to the amount present can then be drawn by a 
comparison of the spot size of the test substance with those of the concentration 
series. More accurate valueB can be obtained if the spots are marked out with pencil 
under the UV-lamp, and then cut out and weighed. Recording spot weights on the one 
hand and concentrations on the other in a system of co-ordinates, gives a curve from 
which the concentration of the required acid can be derived with good aocuracy (see 
Reference list). 

(e) As an alternative to paper— chromatography, thin— layer— chromatography oan also be 
applied. In the latter case suitable plates are to be prepared from oellulose powder. 
The various solvent mixtures can be employed in the separation. 
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POTASSIUM IN FRUIT AND FRUIT PRODUCTS, 
INCLUDING TOMATO 

PRINCIPLE 

■ ■ - 

The sample is ashed, or diluted with water and filtered if the organic oontent is 
low enough, and the ash dissolved in dilute hydrochloric acid. The prepared solution is 
sprayed into a flame, photometer and the response compared with standards. 

APPARATUS 

1. Flame photometer. 

2. Muffle furnace. 
REAGENTS 

1« Hydrochloric acid, concentrated. 

2. Ammonium oxalate, saturated, ahout 4& 

3. Ammonia solution. Dilute 30ml of ammonia solution S. 0.0. 880 to 100ml with water. 

4. Potassium stock solution, 1000 rag/kg as K, Dissolve 1.9067g potassium chloride in 
water and dilute to 1 litre. 

5. Potassium stock solution, 1000 mg/kg as KgO. Dissolve 1.5829gKBl in water 
dilute to 1 litre. 

6. Working standard. Dilute solution 4. or 5. ten-fold. Many results reported in 
the literature are still expressed as KgO. 

PROCEDURE 

Dilute lOg of fruit juice to 500ml with water, mix, filter and dilute the filtrate 
to give a concentration of 10-20 ppm as K2O. Jam, soft drinks and nectars may he 
treated similarly. If substantial amounts of organic matter are present, incinerate 
5g or more if neoessary at a maximum of 500°C in a silica dish. Add water and 10ml 
concentrated hydrochloric acid and evaporate to dryness on a waterbath. Transfer to 
a 400ml beaker with water, dilute to about 125ml, add 50ml ammonium oxalate solution 
and boil for half an hour. Cool, add a slight excess of ammonia solution, transfer to 
a 500ml volumetric flask, rinse the beaker and add the rinsings to the flask, dilute to 
the mark, mix and filter, discarding the first runnings. Dilute an aliquot of the 
filtrate so that the final solution oontains about 15 mg/kg expressed as K2O. 

Prepare a series of dilutions from the 100 mg/kg standard so that they contain 
10,12,14,16,18 and 20 mg/kg. Spray each solution three times and prepare a calibration 
curve using the median value (the middle of the three, not the average) for each 
standard. Spray sample and standard alternately, adjusting the sensitivity if necessary. 
Estimate the potassium content of the sample solution from the calibration graph. 
Calculate the potaseium in the sample. 
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TOMATO PRODUCTS 

Tomato concentrates are usually marketed canned or in tubes. The Recommended Codex 
International Standard for Processed Tomato Concentrates CAC/RS 57-1972 designates 
those of 8-24% natural tomato soluble solids as purSe and those more concentrated as 
pastes. Under this standard, a lot will be considered as meeting the applicable 
minimum natural tomato soluble solids requirement when: (a) the average of the values 
from all containers or sub-samples tested meets at least the minimum percentage 
requirement for the concentration as declared o.- as required for the product name or 
descriptioni and (b) individual test values are at least 92.5^6 of such minimum 
declared or required percentage of concentration. The recommended standard permits 
addition of seasoning such as salt, spices, onion and lemon juice as an aoidulent 
but not sugars or other sweeteners. Sodium bicarbonute may be added to reduce acidity 
or citric, malic, L-tartaric and lactic acids added to increase it provided the final 
pH is not more alkaline than 4.3. Tin must not exceed 250 rag/kg. The product must be 
of proper oolour, texture and flavour and not otherwise defective. The percentage of 
natural tomato soluble solids must be declared and the term 'Concentrated tomato purde 
may only be applied to products containing at least 18 percent of such solids. The 
number of dead mould fragments present is takBn as a guide to hygienic quality. The 
recommended standard suggests that the Howard mould count should not be in excess of 
50 peroent positive fields, based on the diluted produot at approximately 8 percent 
natural tomato soluble solids. The preparation of soluble solids is determined via 
the refractive index. Determination of potassium and lyoopene can be of aBistanoe in 
verifying that the soluble solids are derived from tomato. Pearson (1976) states that 
the dry solids of tomato purleB and pastes contain about 9*5 percent ash, 13.8 percent 
protein, 50-65^ total sugar (as invert sugar), 5.8-13.4 percent total acidity (as oitrio 
aoid) and 4.8 percent potassium (as i^O). Darbishire (19&5) reported a mean value of 
1420 mg/kg of lyoopene in the dry solids of various tomato purges but the natural 
variation is quite wide. There should be no dark specks or soale-like particles 
sufficient to affeot notioeably the appearance. The total solids may be determined 
by drying at 70°C and < 50mm mercury. The contaminant of most importance apart from 
mould is copper although it may also be useful to determine lead, tin and arsenic 
Sugars are determined by boiling the sample gently with water, diluting to volume and 
filtering. Hydrolysis and titration of the filtrate follows standard procedures. The 
•uorose content is usually very low. The papers of Bigelow at al (1950), Williams 

S1968— 1972) and Goose and Binsted (1973) give useful additional information. Jarvis 
1977) has suggested a chemical method for the estimation of mould in tomato products. 
The method is based on the estimation of chitin, whioh is hydrolysed to ohitosan, the 
latter desalinated. to 2, 5-anhydromannose which ie estimated colorimetrically. 

To determine lycopene, vigorously shake 50ml of an 0. 256 aqueous suspension of 
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SOLUBLE SOLIDS I IT TOMATO PRODUCTS 

PRINCIPLE 

The sample is treated with pectic enzyme, filtered and the refractive index of 
the filtrate determined. The result is expressed as percentage of suoroee at 20°C. 

APPARATUS 

1. Refractometer, sensitive to O.OOOln. 

2. Filters. Cut stems off 75mm i.d.glaBs or plastic funnels about 1cm from the 
apex at 90° angle and fire polish the ends. Place the funnels in 150ml jars, about 
55mm i.d.If 150ml beakers are used, close the pouring spout with tape to prevent 
evaporation. 

REA OEM'S 



1. Pectic.enzyme, in a diatomaoeous earth base e.g. , Bectinol R-10 (Rohm &. Hass Co.) 
Klerzyme W analytical (Wallerstein Co.) or Spark-L Ka} (Miles Laboratories Inc.). 
Prepare a 0.4-1* aqueous solution, mix thoroughly and allow to settle. Use the clear 
supernate. 

PROCEDURE 

(a) Filtration without dilution: Weigh lOOg sample at room temperature and add a 
weighed amount (0.2-1.0g) of the dry enzyme preparation. Mix with a spatula immediately 
to avoid evaporation and transfer to a filter containing a 12.5cm paper (Whatman 2V or 
equivalent). Tamp so that the sample is in close contact with the paper and cover with 
the top or bottom half of a petri dish to form a loose seal with the top of the funnel. 
Discard samples that take more than an hour to filter. For those, mix 0.2-1 g dry 
enzyme with lOOg fresh sample and incubate 30-60 minutes at about 40°C in a closed con- 
tainer. Cool nearly to room temperature before opening, re-mix and transfer to the 
filter. Samples that still filter too slowly should be filtered after dilution. 

(b) Filtration after dilution. Use for samples that oontain 35& solids or more and 
those slow to filter. Add lOOg enzyme solution to lOOg sample and mix with a spatula, 
immediately to avoid evaporation, or in a sealed blender. Alternately blend and shake 
to dislodge and break up lumps sticking to container. Examine the mixture carefully 
for lumps and continue mixing until homogeneous. Transfer to the filter and cover with 
a petri dish. 

Check that the refractometer readB 1.3330 with water at 20°C. Transfer a drop of 
the substantially clear filtrate to the refractometer prism. If it is not possible 
to read at 20° C or if condensation occurs at this temperature, read at room temperature 
and correct according to the table. Read as percentage sucrose. Repeat the determination 
with a later drop of filtrate. Readings should agree within 0.1% sucrose. If not, 
repeat readings on successive portions of filtrate until agreement is obtained. Erratic 
readings indicate evaporation of sample or faulty mixing and/or filtration. Table 52-012 
of the AOAC ( 1975 )( reproduced in the Appendix) converts n to $> sucrose. 

Determine the refractive index of a 156 solution of dry enzyme on the refractometer 
as 1# sucrose. 
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Soluble solids of sample 

• <f> sucrose (test reading) - 1,15 x B x C 

where 1.15 - correction for insoluble solids in the sample assuming 
12. 5* of the total solids to be insoluble 

B - $ enzyme preparation added to sample 

C - reading as sucrose obtained on 156 enzyme solution 

If a diluted sample is used, soluble solids in sample 

- 2 (% suorose (test reading) - 0,55 1 D 1 C) + E 

where 0,55 ■ correction for insoluble solids, as above 

D - 5C enzyme preparation to sample and E is a correction factor according 
to the following table 

Natural tomato soluble solids 



A correction for salt may be made if the sample contains added salt and use of 
the following formula leads to a lower figure. 

Soluble solids as $> increase at 20°c, corrected for salt 

- (R-N) 1.016 where R is the uncorrected value and N is ^ total chloride 
expressed as NaCl. 

REFERENCE 

- AOAC 1975 32.008 
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HOWARD MOULD COUNT 




The thoroughly mixed eample io placed on a Bpecial Blide and examined micro- 
scopically. The number of fields showing mould fragments are reported as a percentage 
of the total number of fields examined. 

APPARATUS 

1. Compound microscope, with binocular body and inclined ooulars, 4 parfocal 
achromatic objectives of about $x, lOx, 20x and 40x, a oondenser of N.A. 1,40 in 
oenterable mount, lOx Huygenian eyepieces, standardized field of view of 1.382 mm 
diameter at 90x - 125x, equipped with drop-in ocular dieo ruled in squareB, each of 
which is 1/6 of field diameter. 

2. Howard mould-counting slide. Slide of one piece construction with flat place 
circle about 19mm diameter or reotangle 20x15 nrm surrounded by a moat and flanked 

on each side by shoulders 0.1mm higher than plane surface. Central plane, shoulder* 
and coverglass have optically worked surfaces. Slides with oircle of 1.382mm 
diameter or 2 fine lines engraved 1.382mm apart facilitate calibration. 

PROCEDURE 

For puree and paste, add water to make the refractive index of a filtrate 
1.3448-1.3454 at 20 C (the range is 0.0006 less at 25 C). For other tomato products 
use the juice or carrying liquid except for ketchup which is mixed with an equal 
volume of Btabilizer solution.* 

Clean the Howard cell so that Newton's rings are produced between the Blide and 
the oover glass. Remove the cover and with soalpel place a portion of the well-mixed 
sample on the oentral disc. Use the scalpel to spread the sample evenly over the disc 
and place the coverglass on it so as to give uniform distribution. Use only enough 
sample to bring the material to the edge of the disc. It is of the utmost importance 
that the portion be taken from a thoroughly mixed sample and spread evenly over the slide 
disc. Otherwise, when the coverslip is put in place insoluble material and consequently 
moulds may be more abundant at the centre of the mount. Discard any mount showing uneven 
distribution or absence of Newton's rings or liquid that has been drawn across the moat 
and between cover glass and shoulder. 

Place the slide under the microscope and examine with such adjustment that each 
field of view covers exactly 1.5 square mm. This area may frequently be obtained by 
so adjusting the draw-tube that the diameter of the field becomes 1.382mm. When such 
adjustment is not possible, make an accessory drop-in ooular diaphragm with the 
aperture aocurately out to the correct size. The diameter of the field of view can 
be determined by use of a stage micrometer. When the instrument is properly adjusted, 
the volume of liquid examined per field is 0.15 ou.mm. Uee a magnification of 
90x to 125x. In those instances where identifying characteristics of mould fragments 
are not clearly discernible in a standard field, use a magnification of about 
200 X (8mm objective) to confirm identity of mould filaments previously obnerved in the 
standard field. The AOAC (1975) illustrates some typical positive fields. 



» 0.5^ sodium carboxymethyl cellulose. Place 500ml boiling water in a blender, start 
blender and add 2.5g SCMC and 10ml formaldehyde and blend 1 minute. If a blender is 
not available, mix the dry SCMC with alcohol to facilitate incorporation with water. 
Adjust to pH 7-7.5. 3-5$ pectin or 1% alginate may be prepared similarly, using 2ft> 
HCHO as preservative. Air-bubbles may be removed by heating the solution or subjecting 
it to mild vacuum. 
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Prom each of 2 or more mounts examine 25 or more fieldB taken in such a manner 
as to be representative of all sections of the mount. Unlets the sample has an 
especially low count it is advisable to examine at least 150 fields. Observe each 
field, noting presence or absence of mould filaments and recording results as 
positive when the aggregate length of 1, 2 or 3 filaments exceeds l/6 of diameter 
of the field. Report the positive fields as a percentage of all fields examined. 



REFERENCE 

- AOAC (1975) • ♦ 44.092-44.096 

- See also Aldred et al (1971) JAE1 + % 47. 

- Jarvie, B. J.M. Teohnol. 12, 581-593(1977) desoribes a chemical method used to assess 
the level of fungal oontamination in tomato juices and purees. 
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C.5. CEREALS AND CEREAL PRODUCTS. PULSES 



Unmilled Cereals and Pulses 

As cereals and their products form the larger part of the diet of most people, 
it is most important that the quality of these foods is maintained. For unmilled 
products this is more a matter of inspection than analysis, but samples received 
at the laboratory should be examined for filth (including urio acid), rodent hairs 
and excreta, infestation, damage (breakage, shrivelling, fungal attaok, insect 
damage), moisture, pesticide residues, mycotoxins, fumigant residues and heavy 
metals. Rodent urine on grain shows fluorescence under ultraviolet light. Mercury 
compounds are still used as seed dressings and dressed seed occasionally becomes 
available for human consumption. Cadmium and zinc are absorbed from the soil by rice 
and other cereal and root crops and may reach undssirable levels if the plants are 
grown in soils containing high-levels of cadmium or zinc. Selenium levels oan be 
high in the soil in certain areas and in such areas crops may need to be analysed 
for selenium. 

Some pulses contain toxicants naturally, such as cyanogenetic glycosides 
(lima bean), trypsin inhibitors (e.g. soybean, lima bean, navy bean, black-eyed pea), 
goitrogens (soybean) and hoemagglutinins (phaseolus vulgaris, soybean). The latter 
three toxicants are proteinaceouB and are therefore denatured and rendered harmless 
by heat. Cyanogenetic glycosides oocur in a wide range of plants, including almonds 
and other fruits of the Rosaceae, sorghums and Kaffir corns, cassava and elderberry 
(Sambuous rigra). Added organio colouring material can be extracted from pulses 
or pulse flour with 80 percent ethanol. After evaporation of the ethanol, the 
identification may be completed in the usual way. 

The general methods of ISO for oleaginous seeds may be used for soya. ISO 664 
describes preparation of the sample for analysis. ISO 659-1968 describes determination 
of the oil by hexane extraction using a soxhlet or similar extraotor, grinding with 
sand after 4 hours and six hours of a total eight hours extraction time. ISO 658 
describes the determination of impurities by sieving and hand-picking. Moisture and 
volatile matter is determined as loss in weight at 103°C (665-1968) after reduction 
of the seeds to below 2 mm. 

The ISO basic reference method for the determination of moisture in cereals and 
cereal products (ISO R711-1968) requires that the sample be first ground so that 
partioles are 1.7 mm or less, less than 10 percent over 1 mm and over 50 percent 
less than 0.5 mm. Drying is at 50°C and 10-20 mm raeroury in the presence of 
phosphorus pentoxide until constant weight is achieved (over 100 haurs). The routine 
method (ISO/R. 712-/1968) requires drying at 130°C for 2 hours (lV2 hours for flours). 
It is important to allow the dish to cool completely before weighing (30-45 minutes). 
ISO R605-1967 describes methods for the determination of impurities in pulses, 
including a test for Bouchid beetles in peas, rogues (off-types) in harvest peas, 
lentil vetch in lentils and a procedure for distinguishing sweet from bitter lupins. 

Samples ground for the moisture determination are then suitable for any of the 
analyses listed above, the methods for which are given in other ohaptere. 

When examining samples for contaminants it can be preferable to wash the whole 
grain (with organic solvents for pesticide residues or with dilute nitric acid for 
meroury) rather than use a milled sample. A few samples of washed grains should be 
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analyzed to check the effectiveness of the washing. Methods for the determination 
of residues of fumigants are given by Malone (1969) and a panel of the U. K.MAPP (1974). 
Aluminium phosphide is finding increasing use as a source of phosphine for fumigation. 
Muthu, Kashi and Majumder (1978) describes a method of analysis. 

Milled Cereals and Pulses (flours) 

The identity of any flour or other milled cereal product should be ohecked by 
microscopical examination, comparing the sample with authentic specimens. 

The quality of flour can usually be adequately assessed by determination of 
moisture, ash, acid-insoluble ash, acidity, nitrogen, gluten (for wheat flour) and 
filth. The proportion of fibre is an indication of the extraction rate, the higher 
the rate of extraction (80 percent, 85 percent, etc.) the closer the flour is to 
wholemeal (100 percent). In the case of wheat flour the lowest extraction, i.e. whitest 
flour is normally ^2 percent. Flour may be fortified with iron, chalk and vitamins 
such as thiamine and niootinic acid. Self-raising flour is made by addition of an 
acid phosphate and sodium bicarbonate. The baking process may be assisted by the 
addition to flour of bleaching agents, improvers and other additives including 
ammonium persulphate, ammonium chloride, cysteine, acetone peroxide, sulphur dioxide, 
azodioarbonamide, potassium bromate, nitrosyl chloride, chlorine, chlorine dioxide, 
benzoyl peroxide, potash alum, magnesium carbonate, sodium aluminium sulphate, 
oaloium sulphate and di- and tri-oalcium phosphate. The use of some of these 
additives is under review and subject to legislation in many countries. 

The main sources of methods of analysis for flours are the International 
Association for Cereal Chemistry (ICC), the American Association of Cereal Chemists, 
Kent-Jones and Amos (1967) and Pearson (1976). Among the many ICC methods may be 
mentioned numbers 110 and 111 for nicotinic acid, 117 and 119 for thiamine, 
122 and 123 for staroh. 

Flours commanding a higher price may be admixed with cheaper ones. The methods 
of Griffiths (1937), Tillmans, Holl and Janivala (1928) and Tillmans (1929) and the 
AACC (method 06-10) may be used for the detection of rye flour in wheat flour. 
Details of Tillmans' procedure are given by Rent-Jones and Amos (1969). The presenoe 
of soy flour is usually deteoted by the urease test, this enzyme being peculiar to 
soya beans among the flours of commerce. While a positive test certainly indioates 
the presence of soya, the enzyme may have been inactivated during processing and 
henoe it is preferable also to carry out a microscopical examination, the flat 
"hour-glass" cells of the epidermis of soya being very characteristic. 

Sometimes rice and barley are "faced" with materials such as talc and glycerol 
or oil containing a trace of blue pigment to improve the appearance. The effect is 
solely cosmetic and the practice should be discouraged. The total ash of rice is 
usually between 0.2 and 0.4 percent. 

The methods of analysis can be split into physical methods of microscopical 
examination and chemical analysis which follow as Parts I and II respectively. 

Illustrations 

Reproduced on the following pages are drawings of a caryposis of wheat and of the 
mioroBcopic view of the various cereal flours and of their staroh grains as an aid in 
identification. 
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Curyopsis {At of wheat (Tnucum) and parts ol its pericarp in longitudinal sect.on (fl) and surtace views 
(C. D) (A fl, trom K Esau. Plam Anatomy 2nd ed John Wiley and Sons. 1965 C. 0, drawn from photomicrographs in Brad- 
bury, MacMastefs. and Cull ♦) 

Pig. 1 
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Barley Flour. 

Fig. 7 




Barley Starch. 

Pig. 8 
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Pig. 9 




Rio* Flour. 

Pig. 11 
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Rice Starch. 

Pig. 12 
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Oat Starch. 

Pig. 13 




Pea Flour. 



Pig. 15 
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Bean Flour. 



Pig. 16 




Lentil Flour. 



Pig. 17 
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Curcuma Starch. 

Fig. 18 
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Pig. 23 ^g. 24 25 
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Fig. 29 - Pearl Sago 




Mkranta. Starch. 

Vig. 31 
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I. MICROSCOPICAL EXAMINATION 

This 1b a useful analytical (physical) procedure to identify the source of 
flours or starches. The staroh grains may be examined in mounts in water. Addition 
of a drop of 2 percent aqueous solution of ohromium triozide makes the striations of 
starch grains more easily seen. The presence of staroh in a powder such as flour may 
be oonfirmed by adding a drop of very dilute (say 0.001 M) iodine to the slide, the 
grains staining an intense blue. Different characteristic patterns of staroh grains 
can be seen between crossed polaroids. 

The microscopist should be aware of the form of the various layers in ihe 
entire grain so that he can recognize the various elements in the flour and pick out 
any that are foreign. A grain may be softened by soaking in water or glyoerol: 
methanol (l»l) overnight and then sections made as thin as possible by embedding the 
grain in pith and cutting with a razor. The diagram of the wheat oaryopsis typifies 
the morphological elements of oereal grains. On another portion the starch is 
solubilized with hydrochloric acid or diastase or by boiling with chloral hydrate or 
glacial acetic acid and the residue centrifuged and examined, mounted in dilute 
glycerol or chloral hydrate. 

The main differences between the starches of wheat, barley, rye and oats are: 



Wheat 



Grains about 5 

microns 
and 15-50 mi- 
crons, fis- 
sures rare 



Rye 

Some grains over 

50 microns 
Fissures common 



Barley 

Grains never 
over 40 
microns, some 
fiBsures 



Oats 



Grains, 3-12 
microns, tend 
to be compound, 
no fissures 



Apart from the valuable diagnostic features of the starch grains the chief 
distinctive characters are the following Y t 

a. Wheat The Walls of the epidermal cells are Btraight and fairly regular. The 
transverse cells have straight thick walls with regular, distinct pits} the ends 
of these cells are seldom rounded and there are few intercellular spaces. The 
cavities in the hairs are usually abruptly enlarged towards the base. 

b. Barley Very sharply characterized by the epidermis of the paleae, the oells 
of which have very sinuous walls and are interrupted by orescent-shaped single or 
twin cells or oirular oells sometimes elongated into very short conical hairs. 
Below the epidermis is a layer of fibrous oells. The hairs are thin-walled and 
conical. The transverse cells have abundant intercellular spaces. The aleurone 
layer is two or three cells thick. 

o. Rice The by-product obtained in polishing husked rice is used as a source of 
rice starch, but it is also met with as an adulterant. In addition to the starch, 
it contains the thin pericarp characterized by its regularly arranged cells with 
wavy walls. The transverse cells are loose, very long and narrow, and crossed at 
right angles by tubular cells. 

The husks (paleae) are often employed as packing material, and also find their 
way into powders. They are readily recognized by the very characteristic cells of 
the outer epidermis, which resemble those of barley but have much deeper indentations. 
The epidermis also bears long, conical hairs. The cells of the inner epidermis 
are polygonal. 

Y Taken from Greenish "Fbods 4 Drugs" 1923 
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d. Oat The cellB of the epidermis are elongated and have thin, delicately pitted 
walla; the hairs are long, thin-walled and often in pairs. The paleae, if present, 
may be identified by the elongated cells of the epidermis, with wavy walls of varying 
thickness; these cells are interrupted by small twin cells, one of which is crescent- 
shaped, or by circular cells or by scattered Bhortly-conical hairs (50 y.). Below the 
epidermis is a fibrous hypoderma followed by stellate parenchyma. 

e. Efre The epidermal cells resemble those of wheat, but are thinner and less 
regularly pitted. The ends of the transverse cells are mostly rounded, leaving 
distinct intercellular spaces; the walls are scarcely pitted. The cavities in the 
hairs usually taper gradually. 

f. Maize The epidermis consists of polygonal pitted cells, next to which is a layer 
of similar but rather longer cells with somewhat thicker walls. These are followed by 
fibrous cells with strongly thickened walls which are not pitted. The tubular cells 
are smaller, more numerous and closer togehter than ttey are in wheat. The spindle 
and paleae are characterized by the abundance of pitted cells with more or less 
strongly thickened and lignified walls. 

Some leguminous starches are difficult or impossible to distinguish micro- 
scopically from one another with certainty. 



(1) Wheat Flour 

A transverse section of a grain of wheat, examined under the microscope, 
exhibits the following layers (Pig. 1):- 

1, Outer epidermis of the pericarp, composed of tabular cells which, in surface 
view, are polygonal, elongated and have thickened, pitted walls. In the upper part 
of the grain it bears simple, unicellular, conical hairs, the lumen of which is 
Bomewhat abruptly enlarged at the base. 

2, Hypoderma, consisting of cells which, towards the exterior, closely resemble 
those of the outer epidermis, but in the inner part vary in form and often lignify. 

3, A layer of transverse oellsj these are tangentially elongated and have 
thickened, pitted walls. 

4, Inner epidermis of the pericarp, consisting of small cells with rounded 
section, but elongated in surface view; their tubelike appearance has gained for 
them the name of tubular cells. These four layers constitute the perioarp of the 
grain. 

5, Seed-ooat or brown layer composed of two layers of cells closely applied to 
one another, and of a yellow or yellowish-brown colour. 

6, Hyaline layer: a layer of rectangular cells with small, narrow lumen. 

7, Proteid or aleurone layer; a single layer of cubical cells with very thick 
walls, and filled with a granular substance. 

9 . Endosperm, consisting of polygonal cells filled with starch, the characters 
of which have already been described. 
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To whatever degree of fineness the flour may have been reduced it always 
contains portions of the pericarp and seed-coats in addition to the starch, although 
the latter, of course, constitutes by far the greater portion. 

The diagnostic oharaoters of wheat flour are (Fig. 2):- 

(a) The shape and size of the large starch grains. 

(b) The hairs, with lumen enlarged at the base, but in the upper 
part rather narrower than the wall. 

(c) The thiok-walled, pitted cells of the hypoderma. 

(d) The thick-walled, pitted transverse cellB. 



(2) Wheat Starch 

Wheat starch ( Pig. 3) is obtained from the fruits of several speoieB of 
Tritioum, as, for instance, T. sativum, lam., etc. Like some other starohes derived 
from cereal grasses it is distinguished by consisting principally of a mixture of a 
large number of very small grains with others of much larger size; intermediate 
grains are comparatively rare. 

The small grains vary from 2)i to 8u in diameter, averaging about 6)1 or 7uj they 
are rounded or oval in outline, seldom polygonal or pointed. 

The large grains in surface view appear sometimes rounded, sometimes slightly 
irregular or oval, but when, by touching the coverelip with the needle they are made 
to present their edges to an observer, they are seen to be flattened or lenticular 
in shape. They seldom exhibit any concentric striae or evident hilum. They may 
attain as much as 45ju in diameter, but they average only 25>> to iby. In side view 
they are elliptical or sometimes spindle-shaped, and exhibit a longitudinal line that 
is always simple and usually straight or slightly wavy. 

(3) 3ye Flour 

The anatomical structure of the rye grain closely resembles that of wheat. 
The principal diagnostic features of the flour are to be found in the appearance 
of the hairs and in the size and characters of the starch grains. 

The hairs of rye have about the same shape as those of wheat j they differ, 
however, in the lumen, for in the rye this gradually enlarges from apex to base, 
whereas in the wheat it is nearly linear in the upper part, and then suddenly 
enlarges and becomes bulb-shaped at the base. 

Ytye starch, as already observed, is generally larger than wheat starch, and 
there are always some grains that possess a distinct stellate hilum. It must not 
be imagined that all the grains will exhibit this feature, but it is safe to assert 
that in every sample of rye staroh there will be found a notable proportion that 
show it. Hye starch is also characterized by the presence of a perceptible number 
of small bell-ehaped grains. 

There is also a difference in the shape of the lignified cells of the hypoderma; 
these are usually longer than the transverse cells, whereas in wheat they are shorter. 
The transverse oells are also more frequently rounded at the ends, and have thinner 
walls than they have in wheat. 
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The diagnostic characters of rye flour are (Fig. 4) 

(a) The hairs with less abruptly enlarged lumen and thinner walls 
than in wheat. 

(b) The transverse cells which have thinner walls and fewer pits, they are 
mostly shorter than the hypoderma cells, and often rounded at the ends, where the 
walls are also rather thicker. 

(c) The starch grains which are rather larger than those of wheat and often 
show a stellate hilum and concentric striae. 

(4) Rye Staroh 

Rye starch (Pig. 5 ) is contained in the fruits of the rye, Secale cereale, Linn. 
Like wheat staroh it consists of a mixture of very small grains with large ones, 
together with a oertain number of intermediate size. The large grains are discoid 
in shape, and often exhibit irregular protuberances, in consequence of which their 
side view is often less regularly fusiform or elliptical than it is in wheat starch. 
They average 40u in diameter, but may attain 50u and are therefore larger than the 
grains of wheat starch. Sometimes the concentric striae are indistinct, sometimes 
they are easily visible. In the centre there is often a cavity with from three to 
five rays and in such case the hilum is said to be stellate. Amongst the grains of 
medium and small size, hat-shaped and bell-shaped ones are to be found; these are 
very seldom seen in wheat starch. The small grains of rye starch are also rather 
larger than the corresponding graine of wheat starchj they vary from 3jx to lOu in 
diameter. 

(5) Ergot of Rye 

Ergot of rye is the oompact mycelium of the fungus Clarice ps purpurea, Tulasne 
(sub-class Ascomycetes). 

It occurs in slender, curved tapering masses about 1 inch in length, dark violet 
or almost black externally, nearly white internally. 

The outer dark-coloured portion consists of flattened, elongated oelle with 
very dark walls. The rest of the drug is composed of a dense mass of hyphae which 
appear rounded in transverse but oval in longitudinal sections, thus exhibiting a 
slight te ndency to an axial arrangement. These hyphae contain an abundance of fixed 
oil intimately associated with protoplasm. Treatment with other removes the oil and 
makes the cells more distinct} chloral hydrate diesolres the protoplasm and the oil 
thus liberated rapidly forms globules. The cell walls are also readily seen after 
warming a section with acetic acid. There are no crystals of calcium oxalate present, 
nor any spores. 

The diagnostic characters of powdered ergot are (Pig. 6):- 

(a) The characteristic structure. 

(b) The abundance of oil. 
(o) The dark outer layer. 

(d) The absence of crystals and spores. 
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(6) Barley Flour 

In many respects barley resembles wheat and rye in its anatomical structure. One 
of the principal differences is to be found in the hairs which have a larger lumen than 
those of either wheat or rye. The walls of the epidermal cells of the pericarp are not 
pitted, nor are they so thick as those of the two latter grains. The alcurone layer 
invariably consists of two or three rows of cells, whereas in the wheat and rye there is 
only one row. 

The grains of barley starch are smaller than those of wheat, and much smaller than 
those of rye. They are less regular in shape, and frequently reniform, but these 
characters are difficult even for an expert to determine, and the detection of barley 
flour when mixed with wheat or rye flour is very difficult. There is, however, one 
peculiarity that may facilitate the identification of barley flour. The barley grain 
is enclosed between two paleae, and these adhere so firmly to the pericarp of the fruit 
that it becomes very difficult to effect their complete removal, especially from the 
groove on the ventral surface of the grain. The result is that barley flour often 
contains traces of the debris of the paleae, and these are easily identified by the 
very remarkable sinuous walls of the outer epidermal cells, and by the little hairs on 
the inner epidermis. The double or triple layer of aleurone cells should also be 
searched for. 

The diagnostic characters of barley flour are (Fig. 7)s- 

(a) The epidermal cells of the paleae with thickened, sinuous walls. 

(b) The hairs on the inner epidermis of paleae. 

(c) The thin-wallea and not pitted epidermal cells of pericarp. 

(d) The aleurone layer of two or three rows of cells. 

(e) The staroh grains, which are rather smaller than those of 
wheat, and often more irregular in shape. 

(7) Barley Starch 

Barley starch (Pig. 8 ) may be obtained from the fruits of Hordeum distichon, 
Linn, and other species of Hordeum. 

Like both the preceding starches, barley starch also consists of a mixture of 
large and small grains, with few of intermediate size. They are rather smaller than 
the grains of wheat starch, and are also distinguished by their outline, which is 
less regular and often bears protuberances. In surface view the large grains are 
seldom roundj they are more often slightly elongated or elliptical, sometimes 
reniform, bulb- or pear-shaped. In diameter they vary from 20>i to 35/», many being 
between 20n and 25ji. They have no apparent hilum, but some of them exhibit 
concentric striations. They are seldom fissured at the hilum and when that is the 
case the fissure is much lesB conspicuous than it is in rye starch, and never 
stellate. 

The grains of medium size vary from 10p to in diameter, the small ones are 
about the same as those of wheat or rye-starch. 
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(8) Maize Flour 

The anatomy of the grain of maize is analogous to that of the fruit of other 
oereal grasses: it is characterized by the following particulars: Below the epidermis 
of the pericarp are two layers of cells that exhibit marked differences, those of the 
one having pitted and relatively slightly thickened walls, those of the other being smooth 
and relatively strongly thickened. Within these layers is one of irregular cells with 
lacunae (transverse cells), and next to this the tubular cells that form the inner 
epidermis of the pericarp. The tubular cells are smaller, more numerous, and closer 
together than they are in wheat. During the ripening of the grain the seed-coats 
disappear almost entirely. 

Maize starch is well characterized by the shape and size of the grains, those 

from the outer horny part of the endosperm being polyhedral and angular, whilst those 

from the inner mealy part are rounded. The details given under "Maize Starch" (see 

below) allow of this flour being easily distinguished from that of other cereals. 

The diagnostic characters of maize flour are (Fig, 9):- 

(a) The characteristic starch grains. 

(b) The hypodertna. 

(c) The numerous small tubular cells. 

(9) Maize Starch 

Maize starch (Pig. 10 ) is obtained from the fruits of the Zea Mays, Linn. The 
grains of maize starch exhibit a certain difference in shape according aB they are 
derived from the mealy centre of the endosperm or from the translucent homy periphery. 

Those from the centre of the grain, having been subjected in a less degree to 
mutual pressure, are irregularly rounded in shape, or at least not markedly angularj 
some are nearly round, others are clougated, oval or pear-shaped. The hilun is always 
rather large and conspicuous* the grains measure from lOu to 25ja in diameter, the 
average being about 13ji to 15p. 

The grains from the horny part of the endosperm exhibit an angular contour due 
to the mutual pressure to which they have been subjected. Their appearance under the 
microscope varies considerably according to the position in which they lie. They are 
always easily reoognized by their regular shape, angular outline, more or less uniform 
size, and by the presence of a distinct hilum, which is sometimes rounded, but more 
often fissured or stellate. The diameter of these grains averages from 14p to 15y 
but may sometimes reach 25ji or 26)i. 

(10) Rice Flour 

In the rice flour of commerce there is only a very small proportion of the seed- 
coats of the grain, and the chief characters are therefore to be found in the size 
and shape of the grains of starch of which it almost entirely consists. These aw 
as follows: (l) Small simple polyhedral grains. (2) large or small compound grains, 
oval or rounded in shape, and varying in size according to the number of constituent 
grains. (3) Fragments of the above of varying shape. (4) Masses of starch from the 
cells of the endosperm, or masses of several cells together (Fig. 11):- 

The vegetable debris to be found in rice flour are only a few very narrow tubular 
cells closely attached to a layer of very small elongated cells. A knowledge of these 
characters is very desirable as the adulteration of wheat flour with rice flour is 
frequent at times. 



Copyrighted material 



- 248 



(11) Rice Starch 

Rioe starch (Pig.11 ) is obtained from the fruits of Oryza Bativa, Linn. LikB 
oat starch, it oonsists of both simple and compound grains. 

The simple grains are tolerably uniform in size and shape; they range from 
4>i to 6y t sometimes reaching 8ji, and are generally angular. 

The compound grains are ovoid or rounded in shape, but vary very much in size, 
according to the number of constituent grains that they contain. 

Rioe starch closely resembles oat starch, the grains are, however, uniformly 
rather smaller and never spindle- or lemon-shaped. When treated with water the 
compound grains are readily dissociated into their constituent grains, and so it 
happens that the former are seldom found in the rioe starch of commerce. 

( 12) Oat Flour 

The oat grain is also enclosed between two paleae which may furnish valuable 
means of identifying the flour. The grain may also be distinguished from the three 
foregoing grains by the following characters! (l) By the elongated shape of the 
hairs which are also often geminate. (2) By the cells of the outer epidermis of 
the pericarp, which have very thin walls and fairly numerous pits. (3) By the 
irregular polygonal shape of the oells of the hypodenna, of which, however, there is 
but little to be found. (4) By the cells of the seed coat, of which there is only 
a single row; they are polygonal or fusiform in shape, pale yellowish-brown in 
colourj their walls are smooth and seldom pitted, and the cells often exhibit an 
irregular arrangement. (5) By the starch which consists of small simple rounded 
grains associated with a number of large oval oompound grains and the isolated 
angular constituent grains of the latter (Fig. 13). 

(13) Oat Starch 

Oat starch (Pig. 14) is contained in the fruits of Avena sativa, Linn. It 
consists of two kinds of grains, viz. , simple and compound. 

The simple grains average about 10^ in diameter. They are mostly rounded in 
outline, very few are angular, but some are Bpindle-shaped or lemon-shaped. The 
latter should be specially noted as they form a distinctive feature of oat starch. 

The compound grains are oval or rounded and more or less regular in shape, 
ranging usually from 3§/* to 45>» in length, but attaining as much as 50u. They 
consist of a varying number (5 to 200) of grains compacted together. The constituent 
grains vary in shape according to the position they have occupied in the compound 
grain. Those from the oentre are angular, whilst those from the periphery are 
curved on one side and angular on the other; they are generally rather smaller than 
the simple grains. 

(14) Pea Flour 

The pea (Pisum sativum, Linn.) much resembles the lentil in structure, but 
differs in the shape of the palisade cells, which are square at the apex instead 
of conical. These are thickened by similar bars visible in surface seotions viewed 
from above, but not when viewed from below (size of the cells, 60u or more in length, 
12^ to 15>> in width). The parenchyma of the seed-coat is composed of cells similar 
in shape to those of the lentil, but exhibiting conspicuous intercellular spaces. 
The cells of the epidermis of the cotyledons are elongated, but in varying directions 
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instead of parallel to one another as in the lentil. The starch grains are rather 
larger than those of the lentil (30/i to 47>i) and many of then bear rounded 
protuberances. The hilum is comparatively seldom fiBsured, and even then the 
fissure is not branched as it is in bean starch; the concentric striae are less 
regular, and often indistinguishable. 

The diagnostic oharaoters of pea flour are (Fig. 15):- 

(a) The palisade cells with square ends. 

(b) The characteristic hypodennal cells. 

(o) The epidermal oells of the cotyledons not parallel. 

(d) The starch grains with rounded swellings, less distinct 
unbranched hilum and less evident striae. 

(15) Lentil Flour 

The lentil (Lens esculenta, Hoench), resembles most leguminous seeds in 
structure. 

The seed-coat is composed of the three following layers 1- 

1. An epidermis consisting of a layer of paliBade cells (about 40u by lOu) 
with a lumen that gradually tapers towards the cuticle; towards the upper part the 
wall is thickened by nearly vertical bars, the sections of which are distinctly seen 
in the surface view. The outer end of the cell is not flat but shortly and bluntly 
conical. 

2. A layer of parenchymatous cells (about 15jJ by Ibp); these are contracted 
in the middle, and hence assume the shape of an hour-glass; they differ from the 
hypodermal layer of the bean in not containing calcium oxalate crystals. 

3. A layer of irregular parenchymatous cells with thin walls; this layer 
varies very much in the extent to which it is developed. 

The cotyledons are covered with an epidermis consisting of polygonal cells, 
all of which are elongated in the same direction. The cells of the cotyledons 
themselves are polygonal, their walls are thin and occasionally exhibit small pits. 
They are filled with starch and aleurone grains. The former occupy a position that is 
intermediate between bean and pea starch as regards their shape and appearance. Many 
are ovoid but less regularly so than bean starch; many exhbit a fissured hilum and 
distinct concentric striae, but in others the hilum is not to be seen nor are the 
striae distinct; size of the larger grains 30u to 40u. 

The diagnostic characteristics of lentil flour arts (Fig. 16):- 

(a) The palisade cells with conical ends. 

(b) The hour-glass cells without calcium oxalate. 

(c) The nearly parallel epidermal cells of the cotyledons. 

(d) The thin-walled cells of the cotyledons. 

(e) The starch intermediate in character between pea starch and 
bean starch. 
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(16) Bean Flour 

The haricot bean, Phaseolus vulgaris, Linn., possesses an anatomical structure 
resembling that of other leguminous seeds. In the seed— coat the following layers can 
be distinguished: (l) An epidermis consisting of prismatic cells, radially arranged, 
like palisade oells; the walls of these cells are much thickened and possess slit- 
like pits. (2) A layer of nearly square, or rectangular cells, each containing a 
large prismatic crystal of caloium oxalate. These cells are often called "bearer 
cells", and are found in all varieties of beans, but in many other leguminous seeds 
they are contracted in the middle (in transverse section) and free from calcium oxalate. 
(3) A layer of parenchymatous tissue. 

The cells of the cotyledons are polygonal and exhibit at their angles either a 
collenchymatous thickening or more or less conspicuous intercellular spaces. 

The starch of the haricot bean is in ovoid grains, seldom rounded, sometimes 
reniform, or exhibiting one or more protuberances. The hilum, which is usually 
very distinct, is elongated or fissured. In size the large grains vary from 
30 to 75u; many smaller ones are, however, to be found. The concentric striae are 
usually distinct. 

Bean flour is often made from the decorticated beans, but, in spite of that, 
a few fragments of the seed-coat can generally be found. 

The diagnostic characters of the flour of the haricot bean are (Fig. 17):- 

(a) The remarkable paliBade cells. 

(b) The bearer cells with crystals of calcium oxalate. 

(c) The cells of the cotyledons. 

(d) The characteristic starch. 

(17) Buckwheat Flour 

The fruit of the buckwheat (Fagopyrum esculentum, Moench) is an achene. The 
pericarp is composed of (l) An epidermis consisting of a single layer of prismatic 
cells with thickened walls. (2) A fibrous hypoderna consisting of four or five layers 
of polygonal cells with thickened walls. (3) A layer of brown cells. (4) An inner 
epidermis of very long, flattened cells. 

The seed is enveloped in three coats: (l) An outer coat composed of cells with 
very sinuous walls. (2) A middle coat of cells with lacunae. (3) An inner coat of 
elongated oells. 

Within these coats is an aleurone layer consisting of a single row of cubical 
cells} then the endosperm filled with starch. 

The grains of starch are simple, and either isoated or agglomerated into masses. 
The isolated grains are bluntly or sometimes sharply angular, or often rounded. They 
may attain 10 or 12u in diameter,, but average about 4 to 6y. They possess a small 
distinct hilum, and exhibit a tendency to agglomerate. 

Buckwheat starch always contains a number of abnormal grains larger than the 
others} they are irregularly enlarged, often bearing some resemblance to an hour-glass. 
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The diagnostic characters of buckwheat flour are (Fig. l8)s- 

(a) The characteristic starch grains. 

(b) The epidermis of the seed-coat, the cells of which have very 
sinuous walls. 

(c) The middle layer, the cells of which exhibit lacunae. 

( 18) Curcuma Starch 

Curcuma starch (Pig.19) is obtained from the rhizomes of Curcuma anguetifolia, 
Roib. , C. leucorrhiza, Roib. and other specieB of Curcuma. It is more commonly 
known in commerce as East Indian arrowroot. 

The grains of which this starch is composed are oval, elliptical, almost 
reotangular or rounded in outline. At one of their extremities they usually terminate 
in a short obtuse point in which the very eccentric punctiform hilum is situated 
surrounded by concentric striae. The grains are so thin that when viewed on their 
edges they appear extremely narrow; several may often be seen in this position 
adhering together by their flat sides. Mixed with these larger grains are smaller 
ones of similar shape. 

Curcuma starch grains average from 30/i to 60>i in length, 25p to 35>* in breadth, 
and 7ji to 8ii in thickness. The length of the smallest grains soaroely exceeds 
lj^u to 25yi but the largest grains from C. leucorrhiza may attain as much as 140u. 

(19) Tous les Mois Starch 

This starch (Pig. 20 ) whioh is also known as Queensland arrowroot, is obtained 
from the rhizomes of Canna edulie, Linn., and other species of Canna. The grains 
of which it consists are bo large as to impart a satiny-white appearance to the 
starch. The majority are seldom less than 60/i or 7Qii in length, whilst the largest 
occasionally reach HOji to 130/i. Tney are usually simple and are elliptical, slightly 
oval, oonchoidal, or sometimes reniform in outline; they are flattened and often 
prolonged at the narrower end to a short obtuse point in which the rounded hilum is 
situated, surrounded by concentric striae. 

(20) Yam or Diosoorea Starch 

This variety of starch (Pig. 21) is obtained from Diosoorea alata, Linn., and 
other species of Dioscorea. It is often referred to as British Guiana arrowroot, 
but is better termed dioscorea starch. The largest of the grains of which it is 
composed measure 45j* to 90u in length and 2^yx to 60y in breadth, while the smaller 
vary from 15/i to 30ii in length and about half that in breadth. In outline they are 
very variable, being often oval or elliptical, three-sided, with rounded angles, or 
sometimes curved. The larger extremity is often truncate and in the opposite 
narrower extremity the hilum is situated; this is rounded, eccentric and surrounded 
by concentric striae. 
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(21) Banana (or Plantain) Starch 

This is obtained from the unripe fruits of Musa sapientum, Linn., and has 
also been offered in commerce as Guiana arrowroot. The grains are simple and show 
a great variation in outline: some are oval, ellipsoidal or elongated, whilst 
others are curved, bottle-shaped, bean-shaped, etc. They are alwayc flattened, and 
therefore appear narrow and sausage-shaped when presenting their edges to the 
observer. The hilum is rounded, situated near one extremity and surrounded by 
concentric striae. The largest grains measure 45 to 65^j, the smallest about 7ji, 
intermediate grains from 22 to 34^ (fig. 22). 

The fruits from which the starch is prepared are often distinguished as 
plantains, and the plant yielding them is socetimes distinguished by the name 
Musa paradisiaca, Linn. 

(22) Manihot Staroh 

This variety of starch (Fig. 23) is obtained in large quantities from the 
tubers of Manihot utilissima, Pohl, and other species as Manihot. It is also 
known under the name of cassava starch, mandioc starch, Brazilian, Bahia, Rio or 
Para arrowroot, etc. The majority of it is converted into tapioca (see below) 
before exportation. 

The grains are originally compound, consisting of two, three or four 
component grains, and are occasionally found intact. Most of them, however, have 
been separated into their component grains. They are seldom quite round. Most of 
them exhibit one or two flat surfaces where other of the constituents of the 
compound grain have been attached, and are in consequence muller-shaped, cap- 
shaped, or shortly conical, curved on one side and irregular on the other, etc. 
some are even polygonal. The majority possess a distinct rounded linear or stellate 
hilum and delicate concentric striations. The largest measure 25 to 35/» in length, 
the smallest 5 to 15ji; many range from 15 to 25/i. 

(23) Tapioca 

This substance is prepared from manihot starch, by heating and stirring the 
moist starch until it agglomerates into the little irregular, rugged masses that are 
known in commerce as tapioca; it is usually exported in this form and constitutes an 
important article of food. 

The granules of tapioca soften when soaked in water for a few hours, and a 
small portion, taken preferably from the whiter and more opaque part, can be broken 
up with the needles in a drop of water and covered with the coverslip, a little 
pressure being applied if necessary. 

Many of the grains will be seen to have preserved their original shape, and 
exhibit a distinct hilum; in many the hilum is stellately fissured; in others the 
oentral part of the grain is a translucent mass, but the outline is still recognizable; 
whilst finally many have swollen into a shapeless, unrecognizable mass. These are 
the various stages in the gelatinisation of the starch by heat in the presence of 
moisture (Pig. 24). 
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(24) Starch of Ipomoea Batatas 

Under the name of Brazilian arrowroot there is also found in commerce the 
starch of Ipomoea Batatas, Poir (Fig.25). The grains are for the most part isolated 
components of compound grains, but they sometimes occur in groups of two to four. They 
are very variable in size, the large grains measuring from 25 to 50u, the small from 
15 to 22}i. They also vary greatly in shape. A few are rounded, some are conical} 
others resemble a sugar-loaf cut obliquely, others again are cap or bell-shaped, or 
even polyhedral. They almost all exhibit a distinct hilum, which is sometimes stellate, 
sometimes fissured, usually eccentric, and surrounded by striae. 

(25) Arum Starch 

This starch, formerly obtained at Portland from the rhizomes Arum maculatum, 
Linn., and known as Portland arrowroot, is no longer an article of commerce. It is, 
however, still prepared in Southern Europe and Northern Africa in small quantity from 
A. maculatum and other species of Arum. 

The grain of arum starch are originally compound, but they generally occur 
isolated in the dry starch. Most of them, therefore, possess one or more flat surfaces. 
Some are hemispherical or conical, curved on one side and provided with two flat 

surfaces on the other. The large grains seldom exceed 21p. in length} many grainB 
measure from 7 to lfy and the smaller ones, 3 to ly (f^g. 26). 

(26) Tacca Starch 

Is obtained from the tubers of Tacca pinnatifida, Linn, and is also known as 
Tahiti arrowroot. 

The grains vary both in size and shape. Typical ones are rounded, oval or 
even lenticular; some are elliptical, almost triangular, etc. The hilum is generally 
fissured situated near the centre of the grain, and surrounded by concentric striae. 
The larger grains measure 38 to 50}i, the smaller 15 to 25)i (Pig. 27). 

(27) Sago Starch 

Sago starch is obtained from the stem of the sago palm, Metroxylon Sagu, Bottb. 
and allied trees. 

The form of the grains of sago starch varies according aB they are simple or 
compound. Simple grains are oval, rounded, etc. but the compound grains have a very 
remarkable shape. Each of these usually consists of a large grain to which 1, 2 or 3 
small ones are attached. The large grain is conical or muller-shaped, and frequently 
bears one or two projections, to the flat ends of which the smaller grains have been 
attached} sometimes these two flat surfaces meet to form an angle. 

The largest grains measure 50 to 65/i in length, the smallest 10 to 20/j. The 
hilum is very distinct, linear, transverse or oblique, sometimes stellate and usually 
surrounded by distinct striae (Fig. 28). 

Commerical sago starch often contains debris of vegetable tissue, etc. left in 
it by the imperfect washing it has undergone. Schlerenchymatous cells, hairs and 
crystals may thus be found in it. 
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(28) Pearl Sago 

Genuine or East Indian sago (pearl sago) is largely prepared in Singapore from 
sago staroh (Fig. 29). 

The starch is oonvertei into sago by heating it whilst moist, as described under 
tapioca. Several varieties occur in commerce, differing in source and appearance. 

Pearl sago, when examined under the microscope, exhibits starch grains in 
various stages of transformation, induced by the heat to which they have been subjected. 
Some of them have preserve d their original shape and can be easily identified. Many 
are more or less altered] in some the central portion has been gelatinised and is 
transparent and homogeneous; others have swollen to an unrecognizable gelatinous mass. 

(29) Potato Starch 

Potato starch (Pig. 30) is ohtained from the tubers of Solanum tuberosum, Linn. 
It is composed of grains of variable size, some being so large as to be visible to the 
naked eye. Typical grains of this starch are flattened, and have an oval, ovate, 
ellipsoidal or oonchoidal outline. The hilum is punctiform, eccentric, and generally 
situated in the narrow end of the grain; it is surrounded by numerous distinct 
concentric etriations, some few of which are much more conspicuous than the others. 
In addition to these typical grains there are a few others, smaller in size and rounded 
in outline, or rounded on one side and flattened on the other, these are sometimes 
attached by their flat sides in twos or threes. 

The largest grains vary in length from 75>i to 110u, those of the medium size 
from 45.U to 65/i and the smaller ones from 15p to 25^ 

(30) Maranta Staroh 

Karanta starch (Pig. 31) is obtained from the rhizomes of Maranta arundinacea, Linn, 
and other species of Maranta. It is commonly known in commerce as "arrowroot", a term 
however, which is also applied to the starches of other and widely different plants. 

The different varieties of arrowroot are distinguished by their geographical 
sources. Maranta staroh is known as Bermuda, St. Vincent, West Indian or Natal 
arrowroot, according to the country in which it is prepared. 

The grains of the Maranta starch are simple and rather large. They are 
irregular in shape, being rounded, ovoid, pear-shaped or sometimes almost triangular; 
the smallest ones are nearly spherical. The largest bear numerous fine concentric 
striations, and a conspicuous rounded, linear or stellate, eccentric hilum. In some 
varieties of arrowroot (Natal), the rounded hilum predominates, in others (St. Vincent) 
the linear or stellate; it often resembles the wind's of a poised bird. They average 
about 30u to 40u in length, but may attain to 45>»» 60u, or even 7^u as, for instance, 
in Bermuda arrowroot; the smaller grains vary from 7u to 
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II. CHEMICAL METHODS OF CEREAL AND PULSE ANALYSIS 

1. GLUTEN IK WHEAT FLOUR, 
Hand-waehing method 

PRINCIPLE 

Starch is gently washed out of the sample and the gluten remaining is dried 
and weighed. 

APPARATUS 

1. Poroelain dish or mortar with spatula or pestle. 

2. Bolting oloth (approx. 60 GO). 

3. Oven. 
PROCEDURE 



Weigh 25g flour into the dish or mortar, add sufficient tapwater (about 15ml) 
to form a firm ball of dough, and work the dough with the spatula or pestle, taking 
oare that no material adheres to the utensil. Allow the dough to stand in water at 
room temperature for one hour. 

Knead the dough gently in a stream of tapwater over the bolting cloth until 
starch and all soluble matter are removed. This operation requires approximately 
12 minutes. To determine whether or not the gluten is free or nearly free of starch, 
let one or two drops of wash-water, obtained by squeezing the gluten, fall into a 
beaker of olear water. This will become cloudy if starch is still present. Allow the 
gluten thus obtained to stand in water one hour, press as dry as possible between the 
hands, roll into a ball, place in a tared flat-bottomed dish and weigh as moist gluten. 
Dry at 100°C to constant weight (24 hours), cool and weigh. Express the weight as a 
percentage. Crude gluten thus obtained is not pure protein but contains liquids, ash 
and some starch. 



Reference: AACC Method 38-10. 
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2. AClOirr iN FLOUR 



PRIKCI PLE 

The acidity of an aqueous extract prepared under standard conditions is 
determined by titration and calculated as lactic acid. 

APPARATUS 

I. Waterbath at 40°C. 

REAGENTS 

1. O.lMHaOH 

PROCEDURE 



Weigh 18 g of flour into a 500 ml conical flask and add 200 ml of carbon 
dioxide-free distilled water. Stand the flask in a waterbath at 40° C for 1 hour 
so that the flask is covered to just about the level of liquid. Swirl occasionally 
to ensure complete mixing. After 1 hour, filter and titrate 100 ml with 
0.1 M NaOH. 

CALCULATION 

ml of 0.1 M NaOH 100 
Acidity, % laotic acid - 10OO x 0. 1 x 90 x "y 

ml of 0.1 M NaOH 

To 

90 - equivalent weight of lactic acid 
INTERPRETATION 

Under tropical conditions, there have been adverse reports on consignments 
of white wheat flour as landed if the acidity was over 0.35%. Samples containing 
over about 0.45% almost invariably taste stale and bitter and above 0.35% the 
taste of white wheat flour correlates fairly well with the acidity. Higher 
extraction flours have a naturally higher acidity. 
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3. ACIDITY, 

alternative method 

PRINCIPLE 

The sample is shaken with ethanol and the extract titrated with alkali. 
REAGENTS 

1. Ethanol, 90$, v/v, neutralised to phenolphthalein. 

2. Phenolphthalein, it in neutral ethanol. 

3. 0.05 N Sodium hydroxide solution. 
PROCEDURE 

Weigh 5.0g of sample into a conical flask, add 50 ml of 9056 ethanol, stopper 
the flask, shake and leave to stand overnight. Decant the extract through a filter, 
wash the residue with 20 ml of 90$ v/v~ neutral ethanol and decant through the same 
filter. Titrate the combined filtrate with 0.05M sodium hydroxide solution to the 
phenolphthalein end-point. 

CALCULATION 

% acidity (as sulphuric acid) - titre x .05 x 49 x 100 

1000 5 



Reference t Pearson, D. 'The Chemical Analysis of Pbods' 1976. 
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4. URIC ACID 

in grains and pulses 

PRINCIPLE 

Urio aoid is extracted from the sample with water and the colour developed 
with arseno-phosphotungstic aoid is measured and compared with standards. 

APPARATUS 

1. Blender (e.g. Waring blendor). 

2. Centrifuge. 

3. Colorimeter or absorptiometer. 
REAGENTS 

1. Sodium tungstate, 10£ in water. 

2. Sulphurio aoid, 0. 333M. 

3. Alkaline sodium cyanide solution, yf>. Add 0.2ml of 0.880 ammonia solution 
to each 100 ml. Disoard after about six weeks. 

4. Arse no-phospho t ungs tic acid solution (Benedict's uric acid reagent). Dissolve 
lOOg of sodium tungstate dihydrate in 600ml water, add 50g of arsenic pentoxide, 
25ml of 85^ orthophosphoric acid and 20ml of ooncentrated hydrochloric acid. Boil, 
cool and dilute to one litre. 

5. Urio acid strong standard solution. 

Add a few ml of water to exactly 0.2000g of uric acid in a 1 litre volumetric 
flask. Add a hot solution of 9g of disodium hydrogen orthophosphate (anhydrons) 
and lg of sodium dihydrogen orthophosphate (anhydrons) in 500ml of water to the uric 
acid suspension. After solution is complete, cool and add exactly 1.4ml of glacial 
acetic acid, dilute to one litre and mix. Add 5ml of ohloroform as a preservative. 

6. Uric acid dilute standard odution. 

To 50ml of the strong standard add 25ml of 10$ v/v hydrochloric acid and 
dilute to 500ml. Discard after about 10 days. 1 ml - 0. 02mg uric acid. 

PROCEDURE 

Grind a representative portion of grain and suspend a known weight containing 
l-5mg of uric acid in 200ml of water, 5-20g of sample is usually adequate. Allow to 
stand for 2 hours, stirring occasionally and then blend for 10 minutes. Centifuge 
at about 700g (about 2000 rpm for a 30cm radius centrifuge) for ten minutes. 
To 100ml of olear supernate add 10ml of 10$ sodium tungstate, mix and add 10ml of 
0. 333M sulphuric acid to precipitate proteins. Allow to stand 5 minutes, then 
filter. Pipette 10ml of the filtrate (containing 0.15-0.3mg of urio acid) into a 
50ml volumetric flask. If less has to be taken, dilute to approximately 10ml with 
water. Add 5ml of y% sodium cyanide solution from a burette, followed by 1ml of 
arseno-phosphotungstio acid solution. Mix and after 5 minutes dilute to 50ml with 
water and mix again. Compare the blue colour with standards prepared at the same 
time, measuring at 520nm. 
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CALCULATION 

Prom a calibration ourve, calculate the number of milligrams of uric acid in the 
aliquot used for colour development. 

mg/kg in sample - mg in aliquot x 120 x 200 x 1000 

100 10 weight of 

sample taken 



Referenoe: Folin,0. J. Biol. Chem. 106 311-14(1934) and 101 111 et req. (1933) 

The uric acid in coloured extracts may be separated by TLC prior to 
determination (Sen Gupta, P. Mondal, A and Roy B.R. J. Chromatog 72 
408 1972). 

The above method may be used instead of that of the AOAC (1975:44.162) 
if the enzyme uricase is not available. 
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5. GLYCOSIDIC CTAHIEB 
IN PULSES 

PRINCIPLE 

The glycosides are hydro lysed and the cyanide steam distilled. The cyanide in 
the distillate is determined by argentiraetric or me re urine trie titration. 

APPARATUS 

1. Mechanical grinding mill, easy to clean, enabling samples to be ground without 
becoming heated and without appreciable change in moisture content. 

2. Sieve with 1mm apertures. 

3. Analytical balance. 

4. Incubator, adjusted to operate at 38 +_ 2°C. 

5. Steam distillation apparatus, provided with a 1 litre flask with ground neck. 
ThiB removable flask should be able to be stoppered hermetically vith a ground stopper. 
The end of the condenser should be provided with an extension drawn out to a point. 

REAGENTS 

All reagents should be of analytical quality; the water used should be distilled 
water or water of at least equivalent purity. 

1. Orthophosphoric aoid,^20- 1.70 g/ml (84g of H3PO4 per 100 g). 

2. Sodium acetate solution, 100 g/l, brought to pH 7 + 0. 5 with a few drops of 
acetic acid. 

Direct titration Method 

3. Sodium hydroxide pellets. 

4. Silver nitrate, 0.01 M standard volumetric solution. 

5. Potassium iodide (Kl) solution, 50 g/l. 

6. Ammonia solution, approximately 6 M {?2Q " 0, 9^ s/ nl )> obtained by diluting 
concentrated ammonia solution, ^20 - °'9 2 S/ m ^i with an equal volume of water. 

Back titration Method 

7. Nitric acid 1 concentrated. 

8. Silver nitrate, 0.02 M standard volumetric solution. 

9. Ammonium thiocyanate, 0.02 M standard volumetric solution. 
Indicator 

10. Mix one part by volume of the nitric acid and one part by volume of saturated 
ammonium iron (ill) sulphate solution. 

11. Ammonia solution, approximately 6M. 
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PROCEDURE 

Preparation of sample 

Grind about one twentieth of the laboratory sample in the previously well 
cleaned mechanical grinding mill, in order to complete the cleaning of the mill, 
and reject these grindings. Then grind the rest to particles which will pass through 
the sieve completely, collect the grindings, mix thoroughly and carry out the determin- 
ation without delay. 

Test Portion 

After grinding, weigh, to the nearest 0.1 g, approximately 20g of the 
prepared sample. 

Determination 

Incubation and distillation 

(a) Enzymic attack 

Transfer the test portion to the 1 litre flask. Add 50ml of water containing 
2 sweet almonds previously crushed. Stopper the flask hermetically and leave it 
for 16 hours (overnight) in the incubator at 38°C. 

Cool the flask and its contents in water at 0°C. 

Add 80ml of water, 10ml of sodium acetate solution and a drop of anti-foaming 
agent. Pit the flask immediately to the distillation apparatus. 

Distil, collecting 80 to 100ml of distillate. 

If the direct titration in the presence of potassium iodide is to be used, 
oolleot the distillate in 20ml of distilled water containing 0.5g of sodium hydroxide. 

If it is desired to use the back titration method with thiocyanate solution, 
colleot the distillate in a volume (20 to 50ml) of the 0.02 M silver nitrate solution 
to which has been added 1ml of nitric acid. The volume used depends on the presumed 
content of hydrooyanic acid. 

(b) Attack by acid 

Transfer the test portion to the 1 litre flask and add 200ml of distilled 
water and 10ml of orthophosphoric acid. Stopper hermetically, mix well and leave 
the flask for 12 hours (overnight) in the inoubator (5.4) at 38°C. 

Cool the flask and its contents by immersion in an ice-water bath at 0°C and 
add 9.5g of sodium hydroxide, keeping the flask always in the water bath at 0°C. 
Add 10ml of the sodium acetate solution* verify that the pH is between 6 and 7.5, 
adjust if necessary and fit the flask to the distillation apparatus. 

Distil, collecting 100 to 120ml of distillate. 

If the direct titration in the presence of potassium iodide is to be used, 



» The addition of sodium hydroxide and of sodium acetate solution is unnecessary 
when it is intended to determine fid by the direct titration method 
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oolleot the distillate in 20ml of distilled water containing 0.5g of sodium 
hydroxide. 

If the back titration with the thiocyanate solution is to be used, collect 
the distillate in a volume (20 to 50ml) of the 0.02 M silver nitrate solution to which 
has been added 1ml of nitrio acid. The volume used depends on the presumed content of 
hydrocyanic acid. 

Titration 

(a) Direct titration 

Transfer the distillate to a 250ml volumetric flask and dilute to the mark with 
distilled water. Pipette 100ml into a beaker. Add 2ml of potassium iodide solution 
and 1ml of ammonia solution. 

Titrate with silver nitrate solution until permanent turbidity appears. For 
the easy recognition of the end point of the titration, it is recommended that a 
black background should be used. 

Make a second titration with another 100ml portion of distillate and take the 
mean of the two titrations. 

Carry out two complete determinations on the same prepared sample. 

(b) Back titration 

Transfer the contents of the conical flask to the 500ml volumetric flask and 
dilute to the mark with water. Mix thoroughly and filter through a dry filter, 
collecting the filtrate in a dry vessel. 

Add 2 to 3ml of indicator to 250ral of filtrate (corresponding to half the 
volume of silver nitrate solution used to receive the distillate) and titrate with 
the ammonium thiooyanate solution, while shaking, until a permanent brown-red 
colouration appears. 

Carry out two determinations on the same prepared sample. 

Test for sulphides 

A nearly black precipitate denotes the presence of a significant quantity of 
sulphides whereas a brownish precipitate denotes only a very slight sulphide content. 

Carry out a blank test under the same conditions as in the determination but 
replacing the distillate by distilled water. 

EXPHE5SI0H OF RE SUIT 3 

Direct titration 

Under the conditions of the reaction} 1ml of 0.01 M silver nitrate solution 
corresponds to 0.54mg of hydrooyanio acid. 
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The content of glycosidic hydrocyanic acid, expressed in milligrammes of 
hydrocyanic aoid (HCN) per lOOg of sample, is equal to 

0.54 (V D - V l} x 250 x 100 - 135 ( V ° - V l) 
100 m m 

where 

m is the mass, in grammes, of the test portion; 

V q is the volume, in millilitres, of 0.01 M silver nitrate solution used 

for the determination proper; 
Vj is the volume, in millilitres, of 0.01 M silver nitrate solution used 

for the blank test 

Back titration 

Under the conditions of the reaction; 1ml of 0.02 M silver nitrate solution 
corresponds to 0.54mg of hydrocyanic aoid. 

The content of glycosidic hydrocyanic acid, expressed in milligrammes of 
hydrocyanic acid (HCN) per lOOg of sample, is equal to 

0.54 (V 3 - V 2 ) x 5O0 x 100 - 108 ( V 3 - v 2) 

where 

m is the mass, in grammes, of the test portion; 

V 2 i 8 the volume, in millilitres, of 0.02 M ammonium thiocyanate solution 

UBed for the determination proper; 
V3 is the volume, in millilitres, of 0.02 M ammonium thiocyanate solution 

used for the blank test. 

Take as the result the arithmetic mean of the two determinations. 
Make the calculations to one decimal place. 

NOTE - If the percentage obtained is less than 1ml of hydrooyanic acid per lOOg of 
sample, consider the sample praotically free from glycosidic hydrocyanio acid, 

NOTES ON PROCEDURE 

If the enzymic power of the sample seems to be insufficient, enzymic attaok 
should be the preferred method. The two sweet almonds added to the test portion 
should not contain any hydrocyanic acid that can be liberated under the conditions 
of the test. 

If the distillate contains sulphides or sulphur compounds, a more or less 
abundant black precipitate appears through action on silver ions. In this case it 
is advisable to repeat the procedure uein^ only the direot titration method, 
amplified as follows: 

To 100ml of the distillate, diluted to 250ml as before, add 5ml of lead 
nitrate solution (5 g/l). After allowing to stand for 15 minutes, filter and wash 
the precipitate and the filter three times, using 10ml of water each time. 
Determine the hydrocyanic acid in this filtrate, to which the washings have been 
added, as indicated. 
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6. OLYCOSIDIC CYANIDE 
MERCURIMETRIC DETEHMI NATION 

If the distillate does not contain sulphides or sulphur compounds, the content 
of glycoeidic hydrocyanic acid in pulses can also he deternined hy hack titration 
with a solution of merouric nitrate. 

Por the use of this method it is convenient to apply the text of the method 
descrihed with the following modifications. 



Modification of the hack-titration method hy replacement of the 0.02 M silver 
nitrate solution by a 0.01 H solution of mercuric nitrate. 

Collect the distillate in a volume (20 to $Oml) of 0.01 M mercurio nitrate 
solution, to which has been added 1ml of nitric acid. The volume used depends 
on the expected oontent of hydrocyanic acid. 

Instead of carrying out the back-titration as above under 5, prooeed as 
followst 

Add 1 to 2ml of indicator to the contents of the conical flask, cool the 
conical flask and its contents to a temperature below 15°C and titrate with the 
ammonium thiocyanate solution, while shaking, until a permanent brown-red 
colouration appears. 

Maintain the temperature below 15°C until titration is complete. 

Under the conditions of the reaction? 1ml of 0.01 M mercuric nitrate solution 
corresponds to 0.54mg of hydrocyanic acid. 

The oontent of glycoeidic hydrocyanic acid, expressed in milligrammes of 
hydrocyanic acid (HCN) per lOOg of sample, is equal toi 

0.54 (V, - V 2 ) x 100 - 54 (V 3 - V 2 ) 

■ (See Method 5) 



Reference: ISO 2164*1975 
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7. TALC ON RICE OR BARLEY 

PRINCIPLE 

The talc is floated off, filtered, digested, ignited and weighed. 
REAGENTS 

1. 10$ ammonia solution. 

2. Hydrogen peroxide, 3$ (10 volume). 

3. Hydrochloric: chromic acid mixture. Carefully dissolve lOg of chromic trioxide 
in 100ml of water and add to 900ml of concentrated hydrochloric acid. 

PROCEDURE 

Shake 20g of sample with the dilute ammonia and dilute hydrogen peroxide 
solutions. Heat to about 60°C so that the gas formed causes the particles of talc 
to come away from the surface. Decant off the liquid containing the talc, wash the 
grains several times with water and add these washings to the decanted liquid. Heat 
the liquor with the hydrochloric/chromic acid mixture to oxidize suspended meal, 
filter off the talc, wash, ignite and weigh. In unpolished rice the residue does 
not normally exceed 0.025%. 



Reference! Kr«i2an, Pearson, D. 'The Chemical Analysis of PoodB* 1976. 
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8. BREAD 

Bread may be enriched by addition to the flour of thiamine, riboflavin, niacin, 
iron, vitamin D and calcium. Preservatives such as propionic acid and emulsifiers 
and stabilizers are sometimes used in bread making. The AOAC (1975) describes a 
method for the determination of aoetic and propionic acide using column and paper 
chromatography. Propionic, eorbic and benzoic acids may be determined by the GLC 
procedure of Grave land ( 1972 )( see also OTMA 30/74). 

The fibre oontent gives an indication of whether the bread was made from 
wholemeal flour. The residue from the fibre test may be examined microscopically 
to assess the amount of filth in the ingredients. The fibre may be determined by 
a number of methods, including the dichromate method of van de Kamer and van Ginkel 
(1952), the acid-detergent method of the AOAC (1975.7.054), the Scharrer method 
using aoetio, nitric and trichloroacetic adds (ICC 113) and the acid-alkali method 
(Fertilizer and Feeding Stuffs Regulations, U.K. 1973 (HMSO)). 

Starch is determined by titration of reducing Bugars after hydrolysis 
with aoid or by an enzymio method. The latter (GTMA 42/75) depends on conversion 
of autoclaved starch to glucose by glucaaylase, oxidation of the glucose to gluconic 
acid with liberation of hydrogen peroxide and reaction of the latter with o-dianisidine 
to form an orange— red colour. Milk solids in bread are assessed from the levels of 
lactose or orotic acid (see Milk Produots). The determination of lactose in bread 
requires the prior fermentation of other sugars present (AOAC, 1975» 14. 105$ 
GTMA 32/75)« Normally, the bread is air dried, a portion taken for moisture and 
analytical figures are expressed as a percentage of the dry matter since the moisture 
content of fresh bread varies considerably. Reoommended conditions of temperature and 
pressure for drying vary /lOO°C and 25mm Hg to constant weight or 130°C for 1 hour 
(AOAC), 50°C and 10-20 mm Hg to constant weight or 130°C for 2 hours (ICC) and 
105°C to constant weight (GTMA 73/73J7. 
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9. MOISTURE IK WHOLE LOAF 
of BREAD 

PRIHCIPUS 

The loaf is weighed, cut and air-dried, the air-dried product is weighed and 
ground and the moisture determined on a small portion. The total moisture is 
calculated as a percentage of the whole loaf as received. The method is not 
applioable to bread containing fruit. 

PROCEDURE 

Accurately weigh loaf of bread immediately upon receipt, using scales sensitive 
to at least 0,2 g. If impossible to weigh accurately at this time, seal sample in 
air-tight container and weigh accurately as soon thereafter as is practicable. 
Preserve sample in such a manner that no loss of bread solids can occur whereby loss 
would be calculated as moisture. 

Cut bread into slices 2-3mm thick. Spread slices on paper, let dry in warm 
room (15-20 hours) and when apparently dry, break into fragments. If bread is not 
entirely crisp and brittle, let it dry longer - until it is in equilibrium with 
moisture of air - so that no moisture changes occur during grinding. 

Weigh, grind and weigh again to check absence of grinding losses. Mix well 
and determine the moisture content on a small weighed portion (about 2g) by drying 
1 hour at 130°C as for flour samples. 

CALCU1ATI0H 

% moisture in bread - % moisture in dry ground Bample x 

weight of air-dried slices 
weight of fresh loaf 



Heferencei AOAC 1975 (12th Ed. )14.083. 
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The percentage by weight of starch in the sample is determined by »eans of 
the following formula: 

starch % - T i 200 i 100 x 0.90 
n x p 

where: 

T is the quantity in grams of anhydrous dextrose corresponding to 10ml of 
Pehling's solution (5ml of solution A and 5ml of solution B). This titre 
corresponds to 0.04045 g of anhydrous dextrose when solution A contains 17.636g 
of copper per litre. 

n is the number of ml of the sugar solution used for titration. 

p is the weight of sample taken. 

0.90 is the rate of conversion of anhydrous dextrose into staroh. 

Where necessary, the starch content so obtained is corrected by deducting 
the sugars previously existing in the sample calculated as starch. 



Reference: EEC Draft Direotive 
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10. STARCH ACID HYDROLYSIS 

PRINCIPLE 

Starch is converted by aoid hydrolysis into reducing sugars which are determined 
by volume using Ashling's solution. 

APPARATUS 

1. 250ml flask, suitable for reflming. 
REAQEKTS 

1. Hydrochloric acid at 1. 19 density. 

2. Potassium hydroxide solution, about V%. 

3. Dscolourising oharcoal. 

4. Pehling's solution. For preparation see 'Sugars'. 

5. Methylene blue solution (l£). 
METHOD 

Into a 250ml flask place a sample containing about lg of starch. Add 100ml of 
distilled water and 2ml of hydrochloric acid. Bring to the boil and reflux for 
three hours. 

Transfer the contents of the flask and rinsings into a 200ml graduated flask. 
Cool and nearly neutralize with potassium hydroxide solution. Add distilled water 
to 200ml and filter through a little decolourising charcoal. 

Then pour the solution into a graduated burette and reduce 10ml of Fehling's 
solution by the following method: 

Into a flat-bottomed flask of about 250ml pour 10ml of Fehling's solution 
(5ml of solution A and 5ml of solution B). Shake until clear and add 40ml of 
distilled water and a small quantity of quartz or pumice. 

Place the flask on a square asbestos plate with a round hole of about 6cm 
diameter in the centre, the asbestos in turn resting on a piece of wire gauze. Heat 
the flask at such a rate that the liquid begins boiling after about two minutes. 

Prom the burette, add to the boiling liquid successive quantities of the sugar 
solution until the blue colour of the Ashling's solution becomes hardly discernible} 
then add 2 or 3 drops of methylene blue solution as indicator! and complete the 
titration by adding further quantities of the sugar solution, drop by drop, until 
the blue oolour of the indicator disappears. 

For greater accuracy repeat the titration under the same conditions, but adding 
without a break almost all the sugar solution required to reduce the Pehling's 
solution. In this second titration, the reduction of the Pehling's solution should 
ooour within three minutes. 
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C.6. OILS AND FATS 



Oils and fata must be examined for identity and standard quality including 
rancidity. Olive oil is generally more expensive than other oils and therefore 
identity tests are more important in this case. Oils and fats must also be examined 
for antioxidants, emulsifying agents and other additives and to check that the levels 
of permitted additives do not exceed legal maxima where these exist. Limits for some 
contaminants have been laid down in Codex recommended standards. 

The Codex Alimentarius Commission have elaborated recommended standards for a 
number of oils, as set out in Table 1. All the fats in this table are permitted 
under the Codex recommended standards to contain the following antioxidants and 
antioxidant synergists: 

Table 2 



Antioxi iants 

Propyl, octyl and dodecyl gallates* 

Butylated bydroxyanisole (SEA}* 
Butylated hydroxy toluene (BHT)* 

Any combination of gallates with 
BHA or BHT, or both« 

Ascorbyl palmitate 
Ascorbyl stearate 

Natural and synthetic tocopherols 
Dilauryl thiodipropionate 

Antioxidant Synergists 
Citric acid 
Sodium citrate 

Iaopropyl citrate mixture »» ) 
Monoglyceride citrate 
Phosphoric acid 



Maximum level of use 
100 mg/kg individually or in combination 

200 mg/kg individually or in combination 

200 mg/kg but gallates not to exceed 
100 mg/kg 

200 mg/kg individually or in combination 

Not limited 
200 mg/kg 

Not limited 
Not limited 

100 mg/kg individually or in combination 



* Temporarily endorsed 

** Isopropylcitrate mixture is approximately 38 parts of isopropyl citrate in 
62 parts of mono- and di-glycerides (by weight), the citrate portion being 
made up of about 27 parts monoisopropyl citrate, 9 parts diisopropyl citrate 
and 2 parts triisopropyl citrate 
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Table 1 

Oil/Fat Densitv Refra- Saponifi- Iodine Unsaponifi- Aoid value . 

20°/20° active oation value able matter ag IOH/g oil 
Index value 



Peroxide value 
milliequivalent 
of oxygen per 
kilogram of oil 



Soya Bean 


0.910- 
0.925 


1.466- 

1.470 


I89- 

195 


120- 
143 


Arachis 


0.914- 


1.460- 

1 A £Ss 
■1.405 


187- 

1 O/C 


80- 

XUO 


Cottonseed 


0.918- 

0 Q26 


1.458- 
X. <f OO 


189- 


99- 
no 


Sunflower 


0.918- 

0 095 


1.467- 


188- 


110- 
TA 1 


Rape Be ed 


O.9IO- 
u. y^u 


1.465- 
1. 4oy 


168- 

J.OJ. 


94- 


Maize 


0.917- 

f\ CIO 1 

0. 923 


1.465- 
1.468 


187- 
195 


103- 
12o 


Sesame^/ 


0.915- 
0.923 


1.465- 
1.469 


187- 
195 


104- 

120 


Safflower 


0.922- 
0.927 


1.467- 
1.470 


186- 
198 


135- 
150 


Mustardseed 

lard^ 
(40°-20°) 


0.910- 

0.921 


1.461- 
1.469 


170- 
184 


92- 
125 


0.896- 
0.904 


1.448- 
1.460 


192- 

203 


45- 

70 


Rendered pork 0.894- 
fatI/(40°-20°) 0.906 


1.448- 
1.461 


192- 

203 


45- 

70 


Edible talloi4/o.893- 
(40°-20°) 0.904 


1.448- 
1.460 


190- 

202 


32- 
50 


Premier Just-*" 
(40 o -20°) 


0.893- 
0.898 


1.448- 
1.460 


190- 

200 


32- 
47 



^10 

j>28 
^20 

>10 



virgin^4 
not " Jo. 6 



virgin >4 
not « JO.i 

in>4 
" >0.i 



virgi 
not 



virgin^ 4 
not " > 0. 6 

virgin J- 4 
not " >0.6 

virgin ^4 
not » ^0.6 

virgin^4 
not J 0.6 

virgin ^4 
not ■ > 0. 6 



12 



12 



>3 



\J Synonyms Oingelly, Ben no, Ben, Till, Tillie. 2/ Lard may contain refined lard, lard 
stearine and hydrogenated lard provided this is declared on the label, but the recommended 
standard does not apply to refined lard. 3/ This may contain fat from bones, ears, tails, 
etc. which lard may not. The recommended standard does not apply to refined rendered pork 
fat, but the artiole may contain refined lard or rendered pork fat, hydrogenated or not, lard 
stearine and rendered pork fat stearine as long as these are declared on the label. tj ThiB 
recommended standard applies to edible tallow, but does not apply to refined edible tallow, 
bo designated. Description: Edible tallow (synonym: Dripping ) is the product obtained by 
rendering the clean, sound, fatty tissues (including trimming and cutting fats), attendant 
muscles and bones of bovine animals (Bos taurus) and/or sheep (Ovis aries ) in good health at 
time of slaughter and fit for human consumption as determined by an authority recognized as 
competent in national legislation. 5_/ This recommended standard applies to premier jus, but 
does not apply to refined premier jus, so designated. Description: Premier Jus (Synonym: 
Oleo Stock ) is the product obtained by rendering at low heat the fresh fat (killing fat) or 
heart, caul, kidney and mesentery collected at time of slaughter of bovine animals (Bos taurus) 
in good health at time of slaughter and fit for human consumption as determined by an 
authority reoognized as competent in national legislation. The raw material does not inolude 
cutting fats. 
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The vege table oils in Table 1 may also contain beta-carotene, annatto,* ourouain,* 
oanthaxanthin, beta-apo-8'-oarotenal, and methyl and ethyl esters of beta-apo-8'- 
carotenoio acid and flavours of no known toxio hazard may be added for the purpose of 
restoring or standardizing oolour or flavour as long as the consumer is not thereby 
misled. 



Dimethylpolysilozane, singly or combined with silicon dioxide, may be added as 
roam up to a limit of 10 mg/kg 
1250 mg/kg. 



antifoaa up to a limit of 10 mg/kg and ozystearin as crystallization inhibitor up to 



Any such ingredients must be declared. 
The following limits for oontaminants are alBO set: 

Table 3 



Loss at 105°C 

Insoluble impurities 
Soap (alkalinity) 

Iron, as Fte 
Copper, as Cu 

Lead as Pb 
Arsenic as As 



0.2* for vegetable oils, 
0.3* for animal fats 

0.05* 

0.005* (in lard and premier jus 
nil, as shown by the test) 

1.5 ng/kg (5.0 mg/kg in virgin oils) 

0.1 mg/kg (0.4 mg/kg in virgin oils 
and animal fats) 

0.1 mg/kg 

0.1 mg/kg 



Method of Analysis 
IUPAC II.C.l. 

IOPAC II. C. 2. 

cac/hm 13-1969 
cac/rm 14-1969 

AOAC (1970) 25.023.8 

AOAC (1970) 25.053 
AOAC (1970) 25.011 



In addition, individual oils have to comply with the following standards: 



^48 g/kg of araohidic acid as determined by the Modified Reaard Test, AOAC (1965) 
26.077 or the Modified Evers Test, CAC/RM 11. 

Cottonseed : 

The Halphen test must be positive, as shown by AOCS/Cb 1-25. 
Rape seed t 

The Crismer Value must be between 80 and 85 by A0CS/(7b 4-35 (using Ca5a40 for 
the free fatty acida). 
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The modified Villavecchia or Baudouin tests must be positive using AOCS/Cb 
2-40 or CAC/RM 12. 



contain less than 4 g/kg allyl isothiocyanate, as shown by the test 
described in CAC/HM 10. 

The titres of the animal fats must be within the following ranges: 

Table 4 

Lard 32-45° C 

Rendered Pork Pat 32-45°C 
Edible Tallow 40-49°C 
Premier Jus 42.5-47°C 

There are also standards for cocoa butters* and olive oils. 

The standard for olive oil (CAC/RS 33-1970) is too extensive to reproduce. It 
gives definitions and standards for virgin and refined olive oil and refined olive- 
residue oil. The further definitions of extra, fine, ordinary and so on under the 
International Olive Oil Agreement 1963 are given in an appendix. 

The limits of essential composition and quality factors of virgin olive oils 
given in the recommended standard show very widely spaced minimum and maximum values, 
since they take account of the oil characteristics of all producing countries. 
Characteristics and limits of physical and chemical indices and values, and of fatty 
acid composition for the various grades of virgin olive oils produced in each olive- 
growing area, determined at the various periods of each olive crop year and also after 
eight months' normal preservation of these oils are published yearly in each producing 
country's "National Olive Oil Index Piles", International Olive Oil Council, Juan 
Bravo, 10, Madrid 6, Spain. 

Orujo oil (sulphur olive oil) is the solvent-extracted oil obtained from the 
cake left after the initial pressing of the olive paste. 

The Recommended International General Standard for Edible Pats and Oils CAC/RS 
19-1969 defines edible oils and fats ast foodstuffs composed of glycerides of fatty 
acids of vegetable, animal or marine origin. Fats of animal origin must be produced 
from animals in good health at the time of slaughter and be fit for human consumption 
as determined by a competent authority recognized in national legislation. They may 
contain small amounts of other lipids such as phosphatides, of unsaponifiable 
constituents and of free fatty acids naturally present in the fat or oil. 



» See section on chocolate under sugar oonfeotionery 
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Virgin Fate and Oila meanB edible fats and oils obtained by mechanical procedures 
and the application of heat only. They may have been purified by washing, settling, 
filtering and oentrifuging only. 

Aoid Value t 

Virgin fats and oilsi not more than 4ag KOH/g fat or oil 

Non-virgin fats and oilsi not more than 0.6 mg KOH/g fat or oil 

Peroxide Value t Not more than 10 milliequivalents of peroxide oxygen/kg fat or oil. 

The recommended standard in relation to colours, flavours, antioxidants, 
antioxidant synergists, anti-foaming agent and crystallization inhibitor is the 
same as that for individual oils. 

Enulsifiers are permitted but only in fats and oils not specifically designated 
with the name of the plant or animal from which they originate, as follows i- 
mono- and diglyoerides of fatty acids, no limit; the following emulsifiers to a 
limit of 20 g/kg, individually or in combination; mono- and diglyoerides of fatty 
acids, esterified with acetic, acetyltartaric, citric, lactic, tartario acids and 
their sodium and calcium salts; 

Lecithin and components of commercial lecithin 

Polyglyoerol esters of fatty acids 

Esters of fatty acids with the polyalcohols, sorbitan monopalmitate, 
monostearate and tristearate 

1,2 propylene glycol esters of fatty aoids 

Sucrose esters of fatty acids (including suoroglyoerides)* 

Stearoyl lactylic acid and its calcium salt* 

Polyglyoerol esters of interesterified ricinoleic acid* 

Polyoxyethylene (20) sorbitan monostearate 

Polyoxyethylene (20) sorbitan monooleate 

As shown by table 1, the analytical values for most oils are broadly similar, 
a reflection of similar triglyceride compositions. It is important to check that 
the values for a sample lie within the accepted range, since failure to do so is a 
reasonable basis on which to assume adulteration until the contrary is proved. 
However, climatic and other factors do influence these values. For example, it is 
considered in Italy that olive oil has an iodine value between 79 and 88, rather 
than the range of 75-94 given in the Codex standard, while in N.Africa even higher 
values may be found and Tunisia haB discussed introduction of an upper limit of 97. 
Thus, although these determinations are valuable they are not adequate by themselves. 
Further tests to establish identity and detect adulteration include the classical 
tests for specific oils (e.g. Fitelson's test for teaseed oil), examination of the 
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unsaponifiable matter (e.g. teste for phytosterole), and detailed analysis of the 
triglycerides themselves or the component fatty acids. The latter technique is often 
refined by measuring the ratio of the proportion of one acid to another, as this only 
varies within a small range in some cases. The Codex committee on Fats & Oils has 
deoided that the inolusion of fatty acid composition in Codex standards is not 
advisable at the present time. Nevertheless, determination of this composition by 
QLC and the comparison with the normal range may be of considerable assistance in 
establishing the identity of a sample. 

The Codex standards require that the following methods be used as reference 
methods (in addition to those in Table 3): 



Density 

Refractive Index 
Titre 

Saponification Value 
Iodine Value 

Unsaponifiable matter 

Acid Value 

Peroxide Value 

Allyl isothiocyanate 

Bvers test for Arachis Oil 

Baudouin test for sesame 

Melting behaviour of ooooa butter 

Alpha- tocopherol 



cac/rm 9-1969 
iupac iib.2 

IUPAC II. 13. 3.1., 
II B.3.2. * II.A.2. 

IUPAC II. D. 2. 

IUPAC II D.7.1 & 
II.D.7.3. 

IUPAC II. D. 5.1. & II.D.5.3. 
IUPAC II. D.1.2. 

iupac ii.d.13. 
cac/rm 10-1969 
cac/rm 11-1969 
cac/rm 12-1969 

OICC 8b-E/l96l 

cac/rm 18-1969 
cac/rm 20-1970 



Bellier Index 

Semi-Siooative oils test in olive oil CAC/RM 21-1970 

Olive-Residue Oil Test in olive oil CAC/RM 22-1970 

Cottonseed Oil Test in olive oil CAC/RM 23-1970 

Teaseed oil Test in olive oil CAC/RM 24-1970 

Sesameseed oil Tests in olive oil CAC/RM 25-1970 

Specific U.V. Extinction of Olive Oil CAC/RM 26-1970 

Soap teBt in olive oil CAC/RM 27-1970 
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Water in oil is generally determined by the method of Dean A Stark using 
xylene. The stability of fats and oils is usually assessed by the Swift test 
(IDPAC method II. D. 21.(1976)). 

The American Oil Chemists Sooiety (AOCS) Deutsche Geselleohaft fur Fettwissensohaft 
and the International Itoion of Pure and Applied ChemiBtry (lUPAC) publish standardized 
methods for the analysis of oils and fats. A number of standard texts and the ISO 
standards so far elaborated are given at the end of this chapter. The books by 
Christie (1973) and Bockenooger (1964) in partioular are useful introductions to some 
of the more recent techniques in oil and fat analysis such as argentation chroma- 
tography and QLC. The paper by Parodi (1976) describes the use of these techniques 
with some margarines, cooking oils and fat. The AOAC is actively working on problems 
such as the detection of pork fat in other fats (General referee reports, 1977} Warmbier). 

Cholesterol only ocours in animal fats and the methods for distinguishing this 
sterol from phytosterols are therefore useful in identifying the origin of an oil. The 
aqualene content of olive oil is higher than that of other oils. Hart St Fisher (1972) 
report values of 1360-7090 mg/kg in olive oil. Cottonseed, peanut, oorn, soy, 
sunflower seed, teaseed, sesame seed and rape seed oils showed values in the range 
30-490 mg/kg. The AOAC 28.069 (1975) describes a method. Rapeseed oil naturally 
oontains high levels of eruoio acid glycerides. Varieties have now been bred which 
give oil containing only a few percent of erucic acid glycerides (canbra oil). A 
method for monitoring eruoio acid levels may therefore be required. It may be 
convenient to carry out a general screening test for docosenoic aoids (Conacher and 
Chadha 1974s Conacher 1975) and if necessary follow a procedure such as that of 
Aokman et al (1977) for the quantitative determination of eruoio acid. 

There is sometimes a need to assess the degree of hydro ge nation to which a fat 
has been subjected. The iodine value and refraotive index fall and the melting and 
solidification points rise as a result of hydrogenation. This is of little assistance 
if the untreated oil is not available for comparison and advantage was therefore 
taken of the effects of the isomerization which occurs during hydrogenation. For 
example, part of the naturally occurring cis-oleic aoid is converted to the trans-isomer, 
elaidic acid. This problem was first investigated several decades ago before the 
introduction of infra-red spectrophotometry and gas-liquid chromatography. The 
procedure of Cocks, Christian and Harding (1931) measured the so-called iso-oleic 
acids, taken to mean those isomers of oleic acid with a melting-point of 20°C or over. 
Since these have lead salts almost insoluble in alcohol and ether, it was usually 
assumed that all unsaturated acide precipitated as insoluble lead salts, other than a 
small amount due to incomplete separation of soluble lead salts from insoluble ones, 
were isomers of oleic acid having the same iodine value as that aoid. The iso-oleio 
acid values obtained are generally in the range of 5-30 percent depending on the 
iodine value of the original fat and the extent and oonditions of hydrogenation. 

The advent of infra-red spectrophotometry provided a much easier means of 
assessing the extent of hydrogenation from the proportion of trans-ieomers present. 
Elaidio aoid is the standard normally used. Both sample and standard are methylated 
to remove interference by the free carboxyl group. The standard I.R. procedure is 
given in AOCS Cd 14-61 and in Cocks St Van Rede (I966). The procedure of Allen (1969) 
may also be used but in that case the standard curve must be prepared with material 
very eimlar to that to be analysed (Huang and Firestone, 1971). IUPAC method II.D.24. 
describes the separation of trans-octadeoenoic acids by TLC and quantitation by CLC. 

The test of Synodinos Jb Konstas (1958) appears to distinguish reliably virgin 
oils from refined oils. The section by Oracian in Boekenoogen (I968) or the paper by 
Maltarese (1963) are recommended reading before relying on the results of the test. 
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The determination of refractive index mentioned under "techniques" applies to 
oils and fats. The refractive index is given at 20 C for oils liquid at that 
temperature and at 40°C, 60°C or 80°C for those that are solid at 20°C. The D lines 
of sodium are the usual light source. The temperature of measurement should be + 2°c 
within the selected temperature. If a correction is necessary, 0.00035/° is added to 
readings taken above 20°C to correct to 20°C and the same amount subtracted if readings 
are taken below 20°C. The faotor becomes 0.00036/° at 40° and above. If oondenser 
water of a suitable temperature is not available for cirulating around the prism, a 
cold water supply may be fed into and out of a closed conical flask by tubes that 
reach nearly to the bottom of the flask and then connected to the instrument. The 
conical flask is heated and suitable adjustment of the tap and the heating makes it 
possible to pass water of the desired temperature through the refractometer. 

The relative density of oils and fats is determined by gravity bottle or 
pycnometer according to the general procedure (see 'Techniques* )• It is conventional 
to record the relative density of oils at 20°C or, if they are not entirely liquid 
at that temperature, at 40°C, 60°C or higher as appropriate. If the temperature 
of measurement differs from the standard temperature by up to 5°C, IUPAC method 
II. B. 1.(1976) recommends that corrections be made according to the following formulae i 

t t-ft,. + (t* - t) x 0.00068 if \±>t 

ft-ft* - (t - H) x 0.00068 if t <t 

If the oorrect coefficient of expansion of the fat under examination is known, this 
figure should be substituted for 0.00068, CAC/RM9-1969 1b based on BSI 684-1958. 

Some oils oontain constituents such as the oyolopropenoic acids in cottonseed 
and kapok oils and sesamine in sesame seed oil that can be used as the basis of 
specific tests to detect the presence of the oil in a mixture. A number of these 
testa are described in the following pages. In addition, the following TLC tests 
(Roy, 1978) may be of assistance, provided genuine samples and known mixtures are 
chroma to graphed under the same conditions. Results should be regarded as tentative. 
Chromatography of the oils themselves, the fatty acids, extracts with alcohol or 
other solvents or the unsaponifiable matter may yield oharacterietio spots or 
patterns of spots useful in characterizing an oil or detecting its presence in a 
mixture. 

Detection of Mineral Oil 

(a) Spot a 10% solution of the oil in petroleum ether (60-80) run in n-heptane, 
heat for 30 minutes at 150 C, spray with 10% phosphomolybdic acid in ethanol and heat 
again at 150°C but for 20 minutes. Some components of edible oils remain at the 
starting point. Mineral oil appears as a blue spot at R f c.0.7 

(b) Spot a IO56 solution of the oil in chloroform, run in petroleum ether (60°-80° B. R. ) 
and spray with chromic acid {y% potassium diohromate in $0% sulphuric acid). Heat 

the plate at 200°C for 20 minutes. A dark spot near the solvent front indicates 
mineral oil. Confirm the result by running a genuine sample of the same edible oil 
with known amounts of added mineral oil. The AOAC describes a method involving 
separation by column chromatogrnphy and confirmation of identity by I.R.. 

Castor oil 

Use a 1% solution of the oil in chloroform or use the extract obtained with 
dehydrated alcohol if greater sensitivity is required. Develop in 60-80 petroleum 
etheri diethyl etheri acetic acid (60s 40: 2) and visualize with iodine vapour or y% 
ethanolic phosphomolybdic acid. In the latter case heat the plate for 5 minutes 
at 120°C after spraying. If castor oil is present, a spot appears at Rf 0.44-0.47. 
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Sunflower seed oil 

(a) Use a 1% solution of the oil in chloroform. Develop in 60-80 petroleum ether: 
diethyl ether: acetic acid (60:40:2) and visualize with 2 1 i 7'-diohlorofluoresoein 
(0.2# in ethanol), viewing under long wave U.V. light (365nm). The presence of 

3 spots with the same R f values as standard sunflower seed oil indicate the presence 
of the latter. 556 in admixture can be detected. 

(b) The test can also be carried out on a chloroform solution of the unsaponfiable 
matter, developing in the same solvent. Spray with anisaldehyde reagent and heat 
at 105°C for 5-10 minutes. The unBaponif iable matter of sunflower seed oil gives 
su. oharaoteristio spots. The reagent consists of 0. 5mi anisaldehyde, 9ral ethanol, 
0.5ml concentrated sulphurio acid and 0.1ml acetic acid. 

Teaseed oil 

Instead of, or in addition to, Fitelson's test, a chloroform solution of the 
oil may be chromatographed in 40-60 petroleum ether: diethyl etherjacetic aoid 
(70:30«l) and sprayed with acetic anhydride-sulphuric aoid reagent. A bluiBh 
fluorescence near the solvent front appears if more than about y$> of teaseed oil 
is present in admixture. The reagent is prepared by mixing 5-nl of acetic anhydride 
and 5ml of sulphuric acid,, keeping the mixture close to 0°C and adding to 50ml of 
absolute alcohol. 

Nigerseed ojl 

Use a solution of the fatty acids in chloroform. Develop the ohromatogram with 
the solvent used in the teaseed oil test and visualize with iodine vapour. Compare 
the spot pattern (usually five spots) with a reference sample. 

Tobaccoseed oil 

Use a solution of the unsaponif iable matter in chloroform and a developing 
solvent of 60-66 petroleum ether and diethyl ether:acetic acid (60:40t2). Spray 
with 5C# aqueous phosphoric acid. Two blue spots are characteristic of tobaccoseed 
oil. 

Reference 

Roy B.R. (private communication) 
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TEA SEED OIL TEST 



PRINCIPLE 

Based on Pltelson (modified Lieberman-Burchard) test, i.e. red colour developed 
by acetic anhydride in the presence of sulphuric acid in chloroform solution of the 
oil. 

APPARATUS 

1. 150mm i 15mm test tube. 

2. 2ml pipette, graduated to 0.1ml. 

3. Dropper so calibrated that 7 drops of oil weigh approximately 0. 22g. 

4. Water bath at 5° c « 
REAGENTS 

The reagents used shall be of recognized analytical quality. 

1. Chloroform. 

2. Concentrated sulphuric acid (d-l.84). 

3. Acetic anhydride. 

4. Diethyl ether, anhydrous, stored over sodium and peroxide-free. 
PROCEDURE 

Pipette into a test-tube 0.8ml of aoetic anhydride, 1.5ml of chloroform and 
0.2ml of sulphuric acid. Cool to 5°C, then add approximately O. 22g (7 drops) of oil. 
If any turbidity appears, add acetic anhydride drop by drop with shaking until the 
solution becomes clear. Keep at 5°C for 5 minutes. Add 10ml of diethyl ether 
previously cooled to 5°C. Stopper the test tube and mix immediately by inverting 
it twice. Return the test tube to the bath at 5°C. An intense red colour which 
develops about a minute after the addition of the ether, reaches a maximum and 
disappears, indicates pure teaseed oil. A less intense colour suggests the 
presence of teaseed oil, but caution must be exercised in interpreting results in 
the presence of olive oil. The test is generally applicable, but some olive oils 
yield a pink colour and the test is therefore not reliable for the detection of 
less than about 15$ of teaseed oil in olive oil. 



- cac/rm 24-1970 

- Fitelson, J. JAOAC 12 493 (1936) 
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SOAP TEST IN EDIBLE OILS 

PRINCIPLE 

Detection of alkalinity using bromophenol blue aa indicator. 
APPARATUS 

150nun i 15mm test tube 
REAGENTS 

Solution of 0. l£ of bromophenol blue in 9656 v/v ethanol. 
Acetone, analytical grade containing 2# v/v water. 

A few drops of the solution of bromophenol blue should give a yellow to 
yellow-green colour to the 2% water in acetone. 

PROCEDURE 

Place 10ml of the aoetone and 1 drop of the bromophenol blue solution in a 
test tube. The solution should have a yellow colour, (if not, rinse the test tube 
with aoetone until the blue colour disappears). Add lOg of the oil to the test 
tube, stopper with a clean stopper, shake and allow to settle. The presenoe of blue 
colour in the upper acetone layer indicates the presenoe of soap. 

EXPRESSION OF RESULTS 

The result is expressed as positive or negative. The test is applicable to 
any edible oil. 

- cac/rm 27-1970 
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COTTONSEED OIL TEST 

PRINCI PLE 

Based on the red colour developed by oyclopropenoic acids (such as steroulic 
and malvalio aoids) under the conditions of test in the presence of sulphur. 
5ydrogenation and deodorisation wholly or partly destroy the chromogens and a 
positive reaotion is not given by an oil heated to 225° c or above. 

APPARATUS 

1. 1 oz (30ml) screw-capped bacteriological media bottle or other strong glass 
container which can be stoppered. Alternatively, use test-tubes, 150 x 25mm. 

2. Water-bath, boiling or heating bath at 110°-120°C such as an oil bath, heating 
blook or bath of saturated salt solution. 

REAGENTS 

1. Sulphur reagent. Mix equal volumes of amylalcohol and a solution of 1% 
precipitated sulphur in carbon disulphide. 

PROCEDURE 

Add 2.5ml oil and 2.5ml reagent to the bottle or test-tube. If a bottle is 
used, lightly screw on the cap. Sensitivity is improved by retarding evaporation of 
the oarbon disulphide and by carrying out under moderate pressure. If a test-tube is 
used, the cork may be inserted firmly and kept in place by tying a piece of linen 
over it. Although this enhances sensitivity, it may be omitted if it appears to be 
hazardous. If a bottle is used, keep in the boiling water-bath for two hours. If a 
test-tube is used, keep at 70-80° C for 30 minutes, loosen the stopper and transfer 
to a boiling water-bath or preferably a heating apparatus at 110°C for one and a 
half hours. 

INTERPRETATION 

The presence of 2% or more of cottonseed oil is indicated by a rose— red colour. 
Kepokseed oil (Eriodendron anfractuosum), baobab or fony oil, the oil of sterculia 
foetida and some other oils not normally found in commerce also react. The butter, 
lard, etc. of animals fed on cottonseed may give a faint positive reaction. 

REFERENCE 

CAC/RM 23-1970 

Halphen, G. Analyst 22 326(189?) 

The AOAC ( 1975* 28. 0967 obtains a quantitative result by using a standard preparation 
of cyclopropane fatty acids in cottonseed oil methyl esters. 
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SESAME SEED OIL TEST 

PRINCIPLE 

The colour produced depends on the presence of sesamin. 




APPARATUS 

1. Separator, cylindrical type, 25ml. Mark at 10ml and 15ml. 

2. Porcelain dish, flat-bottomed, about 60mm diameter. 
REAGENTS 

1. Concentrated sulphuric acid, d-1.84. 

2. Furfural, 0.035^ in aoetic anhydride. Use freshly distilled furfural. Store 
in the refrigerator in a dark bottle with a well-fitting ground-glass stopper. 
The solution keeps several months. 

PROCEDURE 

Pour 10ml of oil followed by 5ml of furfural reagent into the separator. Stopper 
and shake vigorously approximately one minute. Leave to separate. Run l-2ml of the 
lower layer into the poroelain dish, add 5-6 drops of sulphuric acid and mix by swirling. 

INTERPRETATION 

For quantities of sesame seed oil higher than 1 percent, a dark blue coloration 
with a slight greenish tint, develops immediately. For lesser amounts the blue colour 
is progressively paler and the period required for the complete development of the 
colour is increased. 0.25 percent in olive oil gives a bluish grey colour which takes 
5-10 minutes to develop. The test ie generally applicable. 

REFERENCES 

Pavolini, L. Olii Minerali, Grassi Saponi, Colori Vernici 12 41 (1934). 
See the section by Grecian in Bockenoogen (1968). The Baudouin-Villavecchia - 
Fabris test is less dependable. 
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TITRE 

PRINCIPLE 

The titre is the solidification point of the water-insoluble fatty acide, 
prepared as described and left to crystallize in a desiccator at laboratory 
temperature for about 24 hours before completing the determination. 

The method is that of Dalioan. 

By insoluble fatty aoids is understood those obtained after saponification 
of a fat and decomposition of the soap formed according to the method desoribed. 

Because of the possible presence of fatty acids which are partially soluble 
in water, the details of this method must be strictly followed. 

APPARATUS 

1. Round-bottomed basin of about 1500ml oapacity. 

2. Sand-bath. 

3. Glass test tube, length 12cra, internal diameter exactly 2.75cm. 

4. Flat circular cork having a central hole just big enough to support the tube. 

5. Wide-necked jar, height 13 cm, external diameter 10 cm, into which the cork 
and the tube are fitted 

6. Thermometer accurately calibrated, graduated in 0.1 or 0.2°C up to 7°°C. The 
bulb is 2 cm long and 0.6 co in diameter. 

REAGENTS 

Ethanolic potassium hydroxide solution: dissolve I8g KOH in 20ml distilled 
water and dilute with 50ml of 95 percent v/v ethanol. 

Dilute eulphuric acidi add oonc. acid (sp. gr. - I.84) to 4 times its volume 
of distilled water. 

10 percent w/v sodium chloride solution. 

PROCEDURE 

Weigh 50g of the fat into a 1500ml basin. Heat slowly and progressively up to 
115-118 c. Add in one einele operation the requisite quanity of the ethanolic JOOH 
solution. Stir vigorously with a spatula. 

Continue to heat gently while constantly stirring and scraping the mass with the 
spatula until the soap forms fragments which no longer adhere to the spatula when 
lightly pressed under it. 

Pour 1 1. boiling distilled water onto the soap. Maintain the soap solution 
at boiling point for 45 minutes in order to drive off the ethanol and obtain a clear 
soap solution. 

Stop heating. Replace the evaporated water by oold water approximately weight 
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for wight, then carefully pour in 70ml of the dilute sulphuric acid. Do not allow 
undeoomposed eoap particles to adhere to the surface or rim of the basin. 

Bring to the boil and maintain at the boiling point until the free fatty aoids 
float to the surface in a dear layer (in the special case where the fatty material 
contains laurio aoid glyce rides, heat over a boiling-water bath and not by boiling 
the aqueous layer). 

Wash the fatty acids twice, each time using 500ml of boiling aqueous sodium 
chloride solution. After each washing draw off the aqueous layer as completely as 
possible. 

Transfer the fatty acids to a flask. Add anhydrous sodium sulphate and filter 
through a dry filter paper. 

Allow the fatty acids to crystallize in a desiccator at laboratory temperature 
for about 24 hours before detertning the titre. 

Bring the temperature inside the jar to 20-25°C below that of the expected 
titre by immersing the jar in a heated or cooled water bath. 

Melt the fatty acids at a temperature of about 10°C above the titre expeoted. 

Pour the fat into the tube to a height of about 5.5 cm. 

Support the tube in the cork so that a length of about 3 cm projects above it. 

Suspend the thermometer carefully in the centre of the tube so that the base of 
the bulb is 1 cm from the bottom of the tube. 

The mercury column falls rapidly at first and then more slowly. Simultaneously, 
the fatty acids crystallize firstly at the bottom of the tube, gradually covering the 
base of the thermometer bulb. 

When the mercury column appears to be stationary during four observations made 
at 5 Beoond intervals , stir the fatty acids with a rapid, circular movement of the 
thermometer three times to the right and three times to the left, thus breaking up 
the crystals formed. 

Replace the thermometer immediately in the centre of the tube and take further 
readings. 

The mercury column, which fell sharply during the agitation, now rises again 
and attains a maximum before falling again. 

This maximum is the titre. 

Carry out two determinations and if the difference between them does not exceed 
0,2°C, take the mean. 

If a difference exceeds 0.2°C, repeat the determinations until the readings agree 
to within 0.2°C. 

Take the mean of two acceptable values. 

REFERENCE 

IDPAC 11B3 - IUPAC also reoommends the method of Shukoff. 
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IMPURITIES IN OILS AND FATS 

PRINCIPLE 

The impurities consist of the whole of the substancee which are not dissolved in 
the specified solvent under the speoified conditions and is exclusive of the "Moisture 
and Volatile Matter" which have been separately determined. 

The only solvents recognized aret diethyl ether, light petroleum, and carbon 
diBulphide. v 

The chmce of solvent will be governed by the nature of the fat and of the 
substances considered as impurities, and may be specified in particular cases. 

Impurities in edible fats and in crude fats intended for edible use after treatment 
should be determined by means of light petroleum, following the experimental method 
described. 

The report should state what solvent has been employed and state what constituents 
if any should be deducted from the impurities as determined. 

Diethyl ether does not dissolve j 

mechanical impurities (earth, Band and other debris)} mineral matter} carbohydrates} 
nitrogenous subBtanoes} certain resins} and only partially dissolves certain calcium 
and alkali soaps. 

Light petroleum does not dissolve! 

mechanical impurities (earth, sand and other debris)} mineral matter} carbohydrates} 
nitrogenous substances} certain resins} oxidised acids} lactones} calcium soaps} 

and only partially dissolves: 

hydroxy lated aoide and their glyoerides} alkali soaps. 
Carbon disulphide does not dissolves 

mechanical impurities (earth, sand and other debris)} mineral matter} carbohydrates} 
nitrogenous substances} oertain resins} calcium soaps} 

and only partially dissolves: 

alkali soaps. 

Caloium soaps are usually considered as impurities, otherwise the calcium content 
only, expressed as CaO, is considered as part of the impurities. 

Usually, only the inorganic content of alkali soaps, expressed as the metallic 
oxide (Na 2 0 0 r I^o) are considered as part of the impurities. 

REAGENTS 



Freshly distilled neutral diethyl ether} 

Light petroleum (b.p. 40-60°C} bromine value free from non-volatile matter)} 

Freshly distilled carbon disulphide. 
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PROCEDURE 

Weigh about 20g of fat to within O.Olg into a stoppered Erlenmeyer flask. Add 
200ml of the Delected solvent; insert stopper and shake. Allow to stand at a 
temperature of about 20°C for 30 minutes if using light petroleum or diethyl either, 
or for about 12 hours if using carbon di sulphide. 

Filter through a previously dried and tared ashless 12.5cm diameter filter paper. 

Hash the filter with small amounts of the selected solvent using no more than 
suffices to pass a fat-free filtrate. 

Remove the filter paper from the funnel, evaporate the solvent by a suitable 
means, completing the operation in a drying oven at 103°C (+ 2°C). 

Weigh the filter. 

CALCULATION 

100 (b - a ) 
Impurities - p per cent 

p - weight of test sample in g 

a - weight of dry filter in g 

b - weight of filter and impurities in g 

REMARKS 

In certain cases, the filtrate obtained in the above procedure may contain ash. 
Remove the solvent by distillation. Incinerate the residue and weight. Add this 
weight to that of the other impurities. 

REFERENCE 

- IUPAC 11. C. 2. 
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M0N0GLYCEK1DES IN OILS AND PATS 

PRINCIPLE 

This method determines the amount of 1-monoglyce rides, conventionally expressed 
as glyceryl monostearate , present in a fatty material. 

Oxidation of the monoglycerides by periodic acid is the basis of the method, 
which is valid in the presence of free glycerol. Dry filtered fat should be taken 
for the examination. 

APPARATUS 

1. Graduated flaske, 100ml; 

2. Stoppered flaske, 500ml} 

3. Stoppered flask, 2 1. 
REAGENTS 

Periodic acid solution: Weigh out 5.4g of periodic acid into a 2 1. glass- 
stoppered flask and dissolve in 100ml of distilled water; add to this aqueous 
solution 1900ml of glacial aoetic acid. Mix thoroughly and keep away from the light. 

Aqueous citric acid solutions 2 percent w/v citric acid crystals dissolved in 
water? 

Chloroform; 

Aqueous solution of potassium iodide, 15 percent w/v; 
Aqueous sodium thiosulphate solution 0,1 I) accurately standardized; 
Aqueous staroh indicator solution, 1 percent w/v. 
PRC CE JURE 

The sample must be homogeneous and to ensure homogeneity the fat should be 
melted and vigorously shaken. If the sample is solid but apparently homogeneous it 
should be liquified at a temperature not exceeding 10°C above its melting point. 

Do not take the portion for analysis until the whole of the sample has been 
liquified and well shaken. The amount to be taken for analysis can be determined in 
the light of its probable 1-raonoglyceride content as shown in the table below: 



Presumed content of 
1-monoglyceride present 
in the sample (percent w/w) 


Weight of the 
portion to be taken 
for assay (g) 


100 


0.3 


75 


0.4 


50 


0.6 


40 


0.7 


30 


1.0 


20 


1.5 


10 


3.0 


5 


6.0 


3 or less 


10.0 
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Weigh out the quantity for analysis with an aoouracy of 0.1 percent, and transfer 
it quantitatively into a 100ml graduated flask using successive small quantities of 
chloroform to aid the transfer until the volume reaches ahout 50ml. Add 25ml of 
aqueous citric acid solution in order to decompose any soap that may be present, shake 
vigorously for 1 minute and allow it to stand. 

After the mixture has separated into two phases remove the supernatant aqueous 
phase as completely as possible and transfer it into another 100ml graduated flask. 
(The washing of the chloroform solution may be effected by a suitable contrivance 
which will allow the washing to be oarried out with ease and without any risk of 
losing any of the aqueous or chloroform phases.) 

Repeat the washing of the chloroform phase twioe more, either with 25ml of water 
or with 25ml of the aqueous citric acid solution when emulsions are formed. 

Combine the aqueous solutions in the second 100ml flask and fill up to the 100ml 
mark with distilled water. 

Make up the chloroform solution remaining in the first graduated flask to the 
100ml mark with chloroform. 

Pipette exactly 50ml of periodic acid solution and 50ml of the chloroform solution 
into a 500ml glass-stoppered flask. Shake for a few oinuteB, stopper the flask and 
allow to stand away frcm light at room temperature for 30 minutes. 

Carry out a blank test under the same conditions using 50ml of the periodic acid 
solution and 50ml of chloroform. 

After the 30 minute period add about 20ml of aqueous potassium iodide solution 
both to the sample and to the blank. Allow them to stand for a further minute. Add 
about 100ml of distilled water to each. 

Titrate with the 0,1 X sodium thiosulphate solution whilst shaking continuously 
in order to ensure thorough mixing. Towards the end of the titration, add about 2ml 
of starch solution as indioator and then continue titrating drop by drop with vigorous 
agitation until the end-point is reached. 

The number of ml used to titrate the sample should not be less than 80 percent 
of the number of ml required for the titration of the blank. If this oondition is 
not fulfilled, repeat the determination using a smaller quantity for analysis, to 
ensure that the oxidation of the 1-monoglycerides is complete. 

CALCUUTIOK 

The percentage of 1-monoglycerides (calculated as glyceryl monostearate , M. W. 358) 

- 3^.8 (a - b) W 
P 

a ■ number of ml of 0,1 M sodium thiosulphate solution utilized for the blank test 

b - number of ml of 0.1 N sodium thiosulphate solution utilized for the test sample 

N ■ the exact molarity of the aqueous sodium thiosulphate solution 

p - weight in g taken for the determination 

REFERENCE 

- IUPAC II. C. 4 
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ACIDITY 

Acidity is a conventional expression, frequently used to express the percentage 
of free fatty acids present. According to the nature of the fat it can he expressed ast 



Nature of fat 


Expressed as 


Molecular weight 


Coconut, palm kernel and similar oils 

Palm oil 

All other fats 


Laurie acid 
Palmitic acid 
Oleic acid 


200 
256 
282 



When the result required is "acidity" not further defined, then conventionally 
the acidity is always expressed as oleio acid. 



1. 0. 5M or 0. 1M ethanolic solution of potassium hydroxide (standardized). This 
solution is stored in a Drown or yellow glass bottle furnished with a rubber stopper 
and then decanted for use. The solution should be colourless or straw yellow. A 
stable colourless solution can be prepared in the following manner: reflux 1 I, of 
ethanol with 8g of potassium hydroxide and 5s of aluminium pellets for one hour, then 
distil immediately. Dissolve the required amount of potassium hydroxide in the 
distillate. Allow the v'..ole to stand for several days and decant off the clear 
supernatant liquid from the deposited potassium oarbonate. 

The solution can also be prepared without distillation in the following manners 
add 4ml of aluminium butylate to 1 1. ethanol and allow the mixture to stand for 
several days. Decant the supernatant liquid and dissolve therein the necessary amount 
of potassium hydroxide. This solution is ready for use: 

2. 1 percent w/v solution of phenolphthalein in 95 peroent v/v ethanol} 

3. 95 percent v/v ethanol containing 5 drops of phenolphthalein solution in 100ml. 
Neutralize immediately before use by means of the 0. 1M ethanolic KOH solution. 



Weigh 5 to lOg of fat to within O.Olg into a 250ml Erlenmeyer flask. Dissolve 
in 50-150ml of a 1 j 1 v/v mixture of ethanol and diethyl ether neutralized to 
phenolphthalein. 

Titrate, while shaking, with the 0. 5M ethanolic KOH-solution (or 0. 1M for 
acidities less than 2 percent by weight) until the colour of the indicator changes. 



CALCULATION 

a - number of ml of the ethanolic KOH solution used 



Percentage acidity - aMW 

10p 



N - exact molarity of the ethanolic KOH solution UBed 
W - molecular weight adopted 
p - weight of sample in g 



INTERPRETATION 



In the presence of mineral acids it may he necessary to apply special procedures 



- 291 - 



The result may be expressed as the acid value which is defined as the weight in 
milligrams of potassium hydroxide required to neutralize lg of fatty material. 

— **** 

Acidity has also been expressed as ml of molar ethanolic KOH solution 
required to neutralize lOOg of oil. 

REFERENCE 

- 1UPAC II.D.l. 

- Lowry db Tinsley (1976) report a rapid oolorimetric determination of free fatty 
acids. 



Copyrighted material 



- 292 



PEROXIDE VALUE 

PRINCIPLE 

The sample ie added to boiling ohloroform-acetic acid containing dissolved 
potassium iodide. After cooling, the mixture is diluted with water and the liberated 
iodine titrated with sodium thioaulphate. The amount of iodine liberated by the sample 
is a measure of the active oxygen present. 

APPARATUS 

1. 100ml round-bottomed flask with a ground-glass joint connecting to a tube about 
750 x 9mm, the upper 150mm cooled by a water oondenser. 

2. Microburner. 
REAGENTS 

1. Chloroform. 

2. Olaoial acetic acid, high purity. 

3. Potassium iodide, low in iodate. 

4. Standard sodium thioaulphate solution 0.002M. 

5. Starch solution, about 1 percent. 
PROCEDURE 

Boil 10ml of chloroform and 10ml acetio aoid in the flask until the mixture 
refluxes. Pour a solution of lg of potassium iodide in 1.3ml of water down the 
column sufficiently slowly that refluxing continues without interruption. This 
ensures that absence of oxygen in the flask is maintained. Redissolve any precipitated 
potassium iodide by addition of not more than about 6 drops of boiled distilled cooled 
water. Add about 1 or 2g of sample, accurately weighed, down the column without 
interrupting the steady refluxing. It is convenient to weigh the sample in a small 
beaker containing a short glass rod, drain briefly after adding the sample to the flask 
via the column and reweigh the beaker plus any residual oil, obtaining the weight 
taken for the determination by difference. Turn off the cooling water in order to 
raise the condensation level and so ensure that all the sample is washed into the 
flask. Boil the solution with sample added for 3-5 minutes, rapidly cool, dilute 
with 50ml of water and titrate the liberated iodine with 0.002M sodium thiOsulphate 
solution using staroh as indicator. 

CALCULATIOH 

Peroxide Value (Lea) - "1 0,002M thiosulghate used 

g oil taken 

milliequivalents active oxygen/kg oil - 2 x ml 0.002M thiosulphate used 

g oil taken 

REFERENCE 



Sully, B.D. Analyst 1954 21 86 -9° 

See also Lea, C.H. J. Soc. Chem. Ird. 1945 ££ 106 and I946 65_ 286 
and Stuff ins, C.B. and Weatherall, H. Analyst 1945 JO 403 

This method is thought to give more consistent results than many others. 

Codex standards for oils and fate require that IUPAC method II. D. 13 be used. 

Results from different methods should not be regarded as necessarily equivalent. 
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IHTERP ROTATION 

The Codex reoommended maxima for some oIIb are mentioned at the beginning of 
this ohapter. 

Herzinger k Pa*lar (1975) have oompared iodometrio and colorimetrio methoda 
of peroxide determination. The Kreis test may also be used (Mehlenbacher, i960). 
Williams (1966) describes a method for ke tonic rancidity. The thiobarbiturio 
acid value (TEA) is also favoured by some workers (Tarladgis et al, I960). 



SAPONIFICATION VALUE (l Q ) 



The saponification value denotes the weight in mg of potassium hydroxide (KOH) 
required to saponify one gram of fat. 

APPARATUS 

Olase flask, resistant to alkalis, of about 200ml capacity, which can be fitted 
to a reflux condenser. 



1. 1 percent w/v solution of phenolphthalein in 95 percent v/v solution of ethanol; 

2. Approximately 0.5M ethanolic KOH solution. This is stored in a brown or yellow 
glass bottle having a rubber stopper and then decanted before use. The solution should 
be colourless or straw yellow} 

3. Aqueous solution of 0.5M hydrochloric acid (standardized). 



Heigh into the flask about 2g of fat to within O.OOlg and add exactly 25ml of 
ethanolio KOH solution (about 0.5M). Attach the flask to the condenser. Boil gently, 
mixing from time to time. 

After 60 minutes, stop heating. Add 4 to 5 drops of phenolphthalein solution. 
Titrate the hot soap solution with the 0. 5M hydrochloric acid solution. 

Carry out a blank test on the ethanolic potassium hydroxide solution. 

CALCULATION 

Saponifacation value I = 56.1M (a - b) 

P 

a = number of ml of hydroohlorio acid solution used in blank test 
b m number of ml of hydroohlorio acid solution used for the sample 
11 - exact molarity of the hydroohlorio acid solution used 
p - weight in g of sample 



For certain fats which are difficult to saponify it is necessary to heat for longer 
than 60 minutes. 

REFERENCE - IUPAC II.D.2 
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UNSAPONIFIABLE MATTER IN OILS AMD PATS 

PRINCIPLE 

The unsaponifiable matter is defined as the substances soluble in the fat which 
after saponification are insoluble, in water but soluble in the solvent used for the 
determination. It includes lipids of natural origin suoh as sterols, alcohols and 
hydrooarbons as well as any foreign organic matter non-volatile at 100°C (mineral oils) 
which may be present. Light petroleum or diethyl ether is used as a solvent but in 
most cases the results will differ according to the solvent selected and, generally, 
the use of diethyl ether will give a higher result. 

The method is applicable to all fats. It is, however, only approximate for 
certain fats having a high content of unsaponifiable matter. 

The percentage of unsaponifiable matter is usually determined on the fat as received 
since, for trade purposes, it often has to be added to the percentage moisture and 
impurities to determine the net amount of fat. 

Light petroleum method 

Apparatus 

1. 150 ml flask fitted with a reflux condenserj 

2. 500 ml separating funnels; 

3. Oven regulated at 103°C (+ 2°C). 
REAGENTS 

Approximately 2M KOH solution in ethanol (dissolve 120g potassium hydroxide in 
95 percent v/v ethanol and make up to 1 litre). The reagent must not be darker than 
straw yellow. 

Light petroleum (b. r. 40-60°, bromine value O), free from residue, 
PROCEDURE 

Weigh about 5g of fat to within O.Olg into the flask. 

Add 50ml of approximately 2M ethanolic KOH solution. Attach the condenser. 
Boil gently for an hour. 

Stop heating. Add through the top of the condenser 50ml of distilled water and 
shake. 

After cooling, transfer to a separating funnel and rinse the flask several times 
using in all 50ml of light petroleum. 

Shake vigorously for a minute. 

Let it stand until there is complete separation of the two phases, and draw off 
the soap solution into a second separating funnel. If an emulsion should form, break 
it by adding small quantities of ethanol or of concentrated potassium hydroxide solution. 

Extraot the soap solution twice more, using 50ml light petroleum each time. 

Combine the 3 petroleum extracts in one separating funnel, wash 3 times with 
50ml portions of 50 percent v/v ethanol. 
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Pour off the petroleum extract quantitatively, if necessary in instalments through 
the top of the funnel into a tared 250ml flask. Rinse the funnel with small quantities 
of light petroleum. 

Evaporate the solvent by distillation over a boiling-water bath. Dry the residue 
in an oven at 103°C for 15 minutes, placing the flask in a horizontal position. Weigh 
after cooling in a deeicoator. 

Repeat the drying for successive 15-minute periods until the loss of weight 
between two successive weighings is less than 0.1 percent. If constant weight is not 
obtained after 3 operations, the unsaponifiable matter is probably contaminated. 

To ascertain whether the unsaponifiable matter is free from soap, ignite the 
residue and titrate the ash with an aqueous solution of C. 1M hydrochloric acid in the 
presence of methyl orange. 

CALCU1ATT0H 

Percentage of unsaponifiable matter - AffiS . 

a - weight of residue in g 

p - weight of sample in g 

In the case where the residue has been ignited and titrated with the aqueous 
solution of 0. 1M hydrochloric acidt- 

Percentage of unsaponifiable natter - 100 ( a ~ °f3 2Mb ) 

a - weight of residue in g 

p - weight of sample in g 

b - number of ml of 0. 1M hydrochloric acid used 
M • exact molarity of the aqueouB solution of HC1 

REFERENCE 

- IDPAC II. D. 5. 

- IDPAC also recommend a method using diethyl ether. 
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IODIHE VALUE (ij) 

The iodine value of a fat ie a measure of its degree of unsaturation. In practioe, 
it is determined by the amount of halogen absorbed and is conventionally expressed as 
the weight of iodine absorbed by 100 parts by weight of the fat. 

FOREWORD 

Two methods are desoribed, namely those of Wijs and Hanus. 

The statement of results must mention the method used, as the different methods 
give different figures for the same oil. 

The Wi.is method 
APPARATUS 

1. The apparatus must be scrupulously clean and perfeotly diy. 

2. OlasB weighing scoops, of 2 to 3ml capacity. 

3. Wide-neokBd glass bottles with ground glass stoppers, capacity about 300ml. 

4. 50ml burette. 

PS 



1. 10 percent w/v aqueous potassium iodide solution; this must contain no free 
iodine or iodate. 

2. 0. 1M aqueous sodium thiosulphate solution (standardised). 

3. Pure glacial acetic acid, free from ethanol and oxidiaable matter. 

4. Pure oarbon tetrachloride, free from oxidizable matter. 

The absence of oxidizable matter in both the above reagents is checked by 
staking 10ml of the reagent with 1ml of saturated aqueous potassium dicbromate 
solution and 2ml of concentrated sulphuric aoid. No green coloration should appear. 

5. Pure iodine, re-sublimed} 

6. Iodine trichloride, ICly or iodine monochloride , IClj 

7. ^drochloric acid solution (ill); 

8. Potassium iodate solution; 0. 01M. 2.1400 g/l. 

Preparation of the Wijs reagent with I CI3 . Weigh 9g of iodine trichloride 
(IClO into a brown glass bottle (1500 ml capacity); dissolve in 11. of a mixture 
composed of 700ml of glacial aoetio acid and 300ml of carbon tetrachloride. 

Setermine the halogen content by the following methods 

Take 5ml of the solution and add 5ml of the aqueous solution of potassium iodide 
and 30ml of water. Titrate with 0. 1M sodium thiosulphate solution in the presence of a 
few drops of starch solution as indicator. 
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Add lOg of powdered iodine to the bulk of the reagent and dissolve by shaking. 

Determine the halogen content ae above. The titre should now equal one and a half 
tines that of the first determination. If this is not the oase, add a snail quantity of 
iodine until the content slightly ezoeeds the linit of one and a half tines. It is 
important that no trace whatever of iodine trichloride should remain as it would cause 
secondary reactions. 

Let the solution stand, then decant the clear liquid into a yellow or brown bottle. 
If stored in a well-stoppered bottle away from the light in a oool place, the solution oan 
be used for a month or more. 

Preparation of the Wijs reagent with I CI. Dissolve 19g of iodine monochloride in 
11. of a mixture of 700ml acetic acid and 300ml carbon tetrachloride. After the addition 
of a few milligrams of pure iodine, determine the content of free halogen as described 
for the iodine trichloride method. Dilute, if necessary, with the specified mixture 
of solvents until 5ml of the solution are equivalent to about 10ml of the 0. 1M thiosulphat* 
solution. 

(i) Into a wide-necked flask of about 300ml capacity with ground glass stopper put 
50nl of hydrochloric acid solution (l*l) and 50ml of carbon tetrachloride. Add exactly 
25ml of Wijs reagent prepared with IC1 and shake. Titrate the free iodine present in 
the reddish-violet layer of CCI4 with 0.01M potassium iodate solution shaking vigorously 
until the layer becomes colourless. 

H. B. If the oarbon tetrachloride layer is colourless, this indicates that the Wijs 
reagent does not contain free iodine and consequently the ratio between the iodine and 
chlorine ie leBs than ljlj in this case it is neoessary to add to 25nl of the prepared 
Wijs solution a quantity of pure iodine so that the CC^layer develops a reddish-violet 
coloration. Next, calculate the quanity of iodine necessary for the total amount of 
Wijs solution and dissolve this in the solution in question. Prooeed once again as 
described above and titrate the free iodine in the reddish-violet layer of CCL with 
0.01M potassiun iodate solution. 

(ii) Into a second wide-necked flask of about 300ml oapacity with ground glass 
stopper introduce exaotly 25ml of Wijs solution containing a sufficient amount of free 
iodine. Add 22ml of 10 percent aqueous potassium iodide solution and about 150nl of 
distilled water. 

Shake and titrate the liberated iodine with 0. IN sodium thiosulphate solution in the 
presence of a few drops of starch solution as indioatorj at the end of the titration 
shake vigorously. 

CALCULATION } 

iodine - aMi+4bM 2 
chlorine aMl - 4bM 2 

a - nunber of nl of 0.1 M sodium thiosulphate solution used to determine 
total halogen 

b - number of ml of 0. 01M potassium iodate solution used to determine free 
iodine 

Mj - exact molarity of the sodium thiosulphate solution used 
M2 - exact molarity of the potassium iodate solution used 
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Ab the point at issue is to determine only whether the Wijs solution really 
contains a slight excess of iodine, one can stop at the titration described under 
point (i) of the prooedure. At the moment that the CCl.layer becomes coloured - 
either directly after adding 25ml of the Wijs solution to the mixture of hydrochloric 
aoid solution and carbon tetrachloride, or after having dissolved a sufficient amount 
of pure iodine in the Wijs solution - it is evident that the ratio to be determined 
is more than I, 

PROCEDURE 

The weight of fat to be taken varies aooording to its expeoted iodine value 
in the following wayt 



Iodine value expeoted 


Weight to be 
taken for test 
B 


<5 


3.00 


5 to 20 


1.00 


21 to 50 


0.40 


51 to 100 


0.20 


101 to 150 


0.13 


151 to 200 


0.10 



Weigh the appropriate quantity of fat to within 0. OOlg in the glass weighing 
scoop. Place it in the 300ml ground-necked bottle. Add 15ml of carbon tetrachloride 
to dissolve the fat. Add exactly 25ml of the reagent, insert the stopper, shake 
gently and place the bottle in the dark. 

For fats having an iodine value below 150, leave the bottle in the dark for 
one hour} for those with an iodine value above 150 and for polymerized or 
oxidised fats, leave for two hours. 

At the end of this time, add 20ml of the potassium iodide solution and 150ml 
of water. 

Titrate with the 0. IN sodium thiosulphate solution, using starch solution as 
indicator, continuing the titration until the blue colour just disappears after very 
vigorous shaking. 

Carry out a blank test simultaneously without the fat under the same conditions. 
CALCUIATIOH 

12.6? M (>-b) 
a I P 

p - weight of sample taken in g 

a - ml of the 0.1 M sodium thiosulphate solution used for the blank test 

b - ml of thiosulphate solution used for the sample 

M - exact molarity of the 0,1 X sodium thiosulphate solution used 
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Hanus method 
APPARATUS 

As for Wijs method. 
REAGENTS 

1. Pure iodine monobromidej 

2. Pure glacial acetic acid free from ethanol^ 

3. Pure carbon tetrachloride.* 

'These two reagents must be free from oxidizable matter and are tested as 
for those used in the Wijs method. 

4. Potassium iodide solution, as for Wijs method. 

5« 0. 1M sodium thiosulphate solution (standardized). 

Preparation of the Hanus reagent. Weigh lOg of iodine monobromide into a yellow 
or brown glass bottle. Dissolve it in 500ml of the acetic acid. 

PROCEDURE 

The weight of fat to be taken (in g) is abouti 25/lj (expeoted iodine value). 

Weigh the appropriate quantity accurately to within 0. OOlg into a glass scoop. 
Insert the scoop with contents into the ground-necked 300ml bottle. 

Add 10ml of carbon tetrachloride and dissolve. 

Then add exactly 25ml of the reagent and insert the stopper. Shake gently, 
and place in the dark for one hour. 

Add 20ml of the potassium iodide solution and 100ml of distilled water. 

Titrate with the 0. 1 M aqueous thiosulphate solution as above. 

Carry out a blank test simultaneously without the fat under the same conditions. 

Calculate in the same way as for the Wijs method. IUPAC method II. D. 17 describes 
the determination of di- and tri-unsaturated fatty acids by U.V. spectrophotometry. 
The unsaturated acids are isomerized by alkali, causing conjugation of double bonds, 
two such bonds resulting in a peak at 230 nm and three in a peak at 268 nm. 

REFERENCE 

- IUPAC IID7 
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THIOCYANOOEN VALUE (TSCN 3 ) 

PRIKCIPIE 

The thiooyanogen value of a fat is the weight of iodine equivalent to the 
thiocyanogen absorbed by 100 parts by weight of the fat. 

FOREWORD 

Thiooyanogen combines at the double bond linkage in a similar manner to the 
halogens. 

It is, however, less active than the halogens and addition is quantitative 
only for oleio acid. 

It is generally considered that (SCH) 2 attaches itself to only one double bond 
of linoleio acid and to only two double bonds of linolenic aoid. 

APPARATUS 

All the apparatus must be perfectly clean and dry. 

1. Glass weighing scoops of 2 to 3ml capacity; 

2. Glass stoppered bottles} 

3. BQchner funnel 
REAGENTS 

1. Pure glacial acetic acid: before use boil under a reflux condenser with 

10 percent v/v acetic anhydride for 3 hours. Then distil over phosphorus pentoxide; 

2. Lead thiooyanatei dissolve 250g of pure lead acetate, 

( CH^COO^. 3H2O, 

in 500ml of distilled water; dissolve 250g of potassium thiocyanate in 500ml 
of distilled water) mix the two solutions; filter off the precipitated lead 
thiocyanate on the Buchner funnel under vacuum. Wash well with distilled water, 
then with 95 percent v/v ethanol, and finally with diethyl ether. Drain the 
precipitate as much as possible under vacuum; spread out the precipitate in a 
poroelain dish, and leave in a desiccator for 6 to 10 days over phosphorus pentoxide. 
The lead thiocyanate obtained in this way should have no more than a faint cream or 
greenish-yellow tinge. If more strongly coloured, reject it and repeat the preparation; 
if the lead thiocyanate is Btored in a yellow or brown bottle away from the light, it 
can be kept for two months. If it is distinctly coloured, do not use it; 

3. Pure bromine, previously dried by shaking with concentrated sulphuric acid; 

4. Carbon tetrachloride: shake the carbon tetrachloride twice, successively, with 

5 percent v/v concentrated sulphuric aoid. Separate the t«tra, chloride and wash first 
with distilled water, then with 5 percent by volume of a 50 percent w/v potassium 
hydroxide solution; dry over potassium hydroxide pellets; distil over phosphorus 
pentoxide. 

5. Potassium iodide, free from iodine and iodates; 

6. Aqueous solution of 0. 1M sodium thiosulphate (standardized). 
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PREPARATION OP THE REAGENT 



1. 0. 1M Thiocyanogen solution: make a suspension of 50g of lead thiooyanate in 
500ml of acetic acid. Dissolve 5.1ml of bromine in 500ml of acetic acid. Pour the 
bromine solution into the lead thiooyanate suspension, a little at a tine shaking 
vigorously after each addition until the colour disappears completely. Allow to 
stand and then decant the supernatant fluid as rapidly as possible with the aid of 
vacuum through a previously dried filter paper on the Buchner funnel, collecting the 
filtrate in a dry bottle. Transfer the funnel to a second similar dry bottle and 
refilter. After the second filtration, the solution should be clear and colourless. 
Store in a perfectly dry yellow or brown well-stoppered glass bottle in a cool plaoe 
(temperature below 20°C). In spite of these precautions, the solution cannot be 
stored for long. Before use, verify that the solution is colourless. 

PROCEDURE 



Expected thiocyanogen 
value 


Weitjht of sample to be taken 
(g) 


Volume of reagent 
(n.1) 


0-30 


-rx_ 0.50 


25 


30-50 


0.30 


25 


50-100 


0.25 


25 


100-150 


0.20 


50 


>150 


0.15 


50 



Weigh the appropriate quantity accurately to within O.OOlg in a small glass scoop. 
Insert the scoop with its contents in a stoppered bottle. Add exactly 25 or 50ml of 
thiocyanogen solution. Insert the stopper. Mix by shaking. Leave in the dark for 
24 hours at a temperature of about 20°C. 

Add 2g of finely powdered potassium iodide. Shake for three minutes. 



Add 30ml of distilled water and titrate with the aqueous solution of 0. 1M 
sodium thiosulphate until the blue colour just disappears after vigorous agitation, 
using a few ml of starch solution as indicator. 

Simultaneously carry out a blank test without the fat under the same conditions. 

The thiocyanogen solution must also be titrated before oarrying out the test. If 
there is a difference of more than 0.2ml between the titre so determined and the blank 
test, the reagent is decomposing too rapidly? repeat the determination using a 
freshly prepared reagent. 

The blank and the test on the fat must be carried out in duplicate. 

If there is a disagreement of more than 2 units in the thiocyanogen value, repeat 
the determination. 



CALCULATION 



T - 12.69M (a - b) 
I 8CH n 



p - weight in g of test sample 

a - ml of 0. 1M sodium thiosulphate solution used for the blank test 

b ■ ml of thiosulphate solution used for the fat 

M - normality of the 0.1M sodium thiosulphate solution used 

REFERENCE - IUPAC II. D. 8. 
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P0LYBR0KIDE VALUE 

PRIHCIPLE 

The polyuronide value of a fat ie the weight of polybromides obtained under the 
prescribed conditions from lOOg of fat, 

Ae the method ie an empirical one the instructions must be strictly followed. 
The test is intended to detect fatty acids with more than two non-conjugated double 
btfnds, such as those found in fish oils, and the linolenic acid found in soya beans 
and linseed oils. 

APPARATUS 

1. 150ml flask whioh can be fitted to a reflux condenser; 

2. 300-400ml separating funnels; 

3. Sintered glass filtration orucibles (porosity 03) for vacuum filtration, having 
an internal diameter 35nn>5 

4. 100ml and 150-200ml glass stoppered conical flasks. 
REAGENTS 

1. Pure, dry bromine; 

2. Pure, dry diethyl ether; 

3. Finely ground polybromides prepared from the oil under examination or a similar oil; 

4. Solution of 0. 06g of the polybromides in 100ml diethyl ether; 

5. 10 percent w/v aqueous solution of sodium chloride} 

6. Ethanolic solution of potassium hydroxide, 1M; 

7. Aqueous solution of hydrochloric acid, 1M. 
PROCEDURE 

Preparation of fatty acids 

Weigh about 5g of fat to within O.Olg into the 150ml flask. 

Add 25ml of ethanolic solution of potassium hydroxide, 1M. Attach to the 
condenser. Boil gently for 30 minutes. In order to avoid overheating the fat, agitate 
the flask in the early stages of heating until the contents appear homogeneous. 

Remove the flask from the condenser. Add 50ml of distilled water and transfer the 
mixture quantitatively into a separating funnel using several portions of water (30ml in 
all) to rinse the flask. Combine the rinsings in the funnel. 

Add 50ml of diethyl ether to the funnel. Add several drops of methyl orange, then 
a sufficient quantity of M hydrochloric acid to decompose the soap and to change the 
colour of the indicator to red. Shake the funnel vigorously in order to dissolve the 
liberated fatty acids. Allow to stand until the two layers are completely separated. 

Draw off the aqueous ethanolic layer into another funnel and extract again in the 
same way using 50ml of diethyl ether. 
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Transfer the ethereal layer from the second funnel into the first. Wash three times 
by shaking vigorously with 50ml of the sodium chloride solution on each occasion. 

After withdrawing the last wash water, pour the ethereal solution quantitatively 
into the 100ml volumetric flask. Make up to the nark with diethyl ether. 

Add 1 to 2g of anhydrous sodium sulphate to effect dehydration. 

Insert the stopper and shake. 

If the brominition is not to be carried out immediately, substitute carbon 
dioxide or nitrogen for the air in the neck of the flask. Insert the stopper and store 
in a dark place. 

Bromlnation 

Pour 100ml of dry diethyl ether into a previously dried stoppered conical flask. 
Cool in melting ice to a temperature of about 0°C. 

Pour 4nl of pure, dry bromine (previously cooled to 0°c) down the sides of the 
flask a little at a time, shaking constantly. Insert the stopper and keep the flask 
in the melting ice bath. 

Dry a 10ml conical flask. Allow to cool. Introduce into it about 0, lg of the 
polybromides. Weigh the flask with the polybromides. Note the weight to the nearest 
milligram. 

Add exactly 20ml of the ethereal solution of the fatty acids. Shake to suspend 
the polybromides. Stopper the flask and place in the melting ice bath for about 
15 minutes, shaking sufficiently to saturate the solution with the polybromides. Then 
add 20ml of the bromine solution in small portions slowly, especially at first, shaking 
constantly and keeping the flask in the melting ice so that the temperature of the 
mixture does not exceed + 2°C. 

When about two thirds of the bromine solution have been added, add the remainder 
more rapidly pouring it down the sides of the flask. 

Insert the stopper. Leave in the melting ice bath for 3 hours. 

Conduct a blank test in parallel with a similar conical flask previously dried, 
also containing the same weight of the same polybromides. Weigh the flask oontaining 
the polybromides and add 40ml of diethyl ether. 

Place the flask in the ice slurry and agitate sufficiently to saturate the diethyl 
ether with the polybromides. Leave it there for 3 hours. 

Filtration and washing 

After the 3 hours, filter the solution of fatty acids through a weighed crucible 
surrounded by melting ice. Use only weak suction to facilitate the filtration, 
stopping it before the end of each washing in order to avoid craoking the polybromide 
cake. 

Wash with the solution of 0.06g of polybromides in 100ml of diethyl ether, which 
has previously been oooled and maintained at 0°C. 

1st washing 20ml 

2nd washing 20ml 

3rd washing 10ml 

4th washing 10ml 
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Each wash is first placed in the conical flask. Keeping the temperature at 
0°C, shake vigorously in order to wash off the polybromides which adhere to the 
sides of the flask and then pour into the crucible. 

Conduct a blank test in a similar manner. 

When dealing with oils which give only a small quantity of polybromides, reduce 
the washings to three, using 10ml each time. 

Drying and weighing 

Place the crucible and the conical flask from the test, as well as those from 
the blank, in an oven, and raise the temperature gradually to 95 to 100°C. Maintain 
at that temperature for 30 minutes. Cool in a desiccator. Weigh. Note the gain in 
total weight (a) of the crucible and flask used for the test. Note the loss of weight 
(b) of the crucible and flask used for the blank test. 

CALCULATION 

Polybromide value - 100 (» ~ b ) 

a and b - the gain and loss in weight (in g) as defined above 
p - weight of sample taken (in g) 

REFERENCE 

- IUPAC II.D.ll. 
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ALLTL I SOTH 1 0 CY ANATE CONTEST 

fin mustardseed oils) 

(Indian Standards Institution Method) 



The allyl isothiooyanate in the oil is steam distilled into a known excess of 
silver nitrate solution, and the excess of silver nitrate solution is determined hy 
titration with standard ammonium thiocyanate solution. Notej the oil obtained from 
black mustardseeds contains sinigrin and myrosin which, after maceration with water, 
yield a volatile oil, the major constituent of which is allyl isothiooyanate. The 
oil obtained from white mustardseeds contains acrinyl isothiooyanate which is much 
less volatile than allyl isothiooyanate. 

APPARATUS 

1. Distillation flask - 500ml round-bottomed flask. 

2. Any effioient reflux condenser - approximately 9°0mm long. 

3. Voluaetrio flask - 200ml oapacity. 

4. Water-bath. 



The reagents used shall be of recognized analytical reagent quality. 

1. Ethanol - 95$ v/v, neutral to phenolphtalein. 

2. Silver nitrate solution - approximately 0. 1M. 

3. Ammonium hydroxide solution - 10^ (m/v). 

4. Kitrio acid - 69% m/m EUOy 

5. Ferric ammonium sulphate indicator - 0. 1$ m/v solution in water. 

6. Standard ammonium thiocyanate solution - approximately 0. 1M. 



PROCEDURE 

Weigh accurately approximately 5g of the material into a 500ml distillation 
flask and add to it 25ml of the ethanol, 250 ml of water and a few pieces of pumice 
stone. Distil the mixture in steam and collect the distillate in a 200ml volumetrio 
flask containing exactly 25ml of the silver nitrate solution and 10ml of the ammonium 
hydroxide solution. Collect as rapidly as possible about 150ml of the distillate. 
Attach the reflux air condenser to the volumetric flask and heat the mixture for 
about one hour on a boiling water-bath. Cool to room temperature, add water to make 
up to 200ml and filter the contents after Bhaking. Take 100ml of the filtrate, add 
oral of the nitric acid and a few drops of the ferric ammonium sulphate indicator and 
titrate with the standard ammonium thiocyanate solution until a permanent red colour 
is obtained. Carry out a blank test at the same time. 



Copyrighted material 



- 306 - 



CALCULATION AND EXPRESSION OF RESULTS 

Allyl isothiocyanate, g/kg - 9.915 <7 Q - \) M x 10 



where V - volume in ml of standard ammonium thiocyanate 
° solution required for the blank determination 

■ volume in ml of standard ammonium thiocyanate 
solution required for the sample 

M - molarity of standard ammonium thiocyanate solution, and 
m - mass *in g of the sample taken for the test 

REFE'-iKNCE 

- Indian Standard IS: 548-1964 p. 56, 57. 17 Determination of allyl isothiocyanate 

- Muraguri, (private communication) 

- cac/rm 10-1969 
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BELLIER INDEX 

PRINCIPIE 

The Bellier index of an oil is the temperature at which precipitation of salts 
of the fatty acids of the oil commences, when the oil has been saponified and made 
into solution by the method described. Rapeseed oil and araohis oil are the only two 
likely to show cloudiness about 17°C» the recommended Codex maximum for olive oil. 
The method may be used in the presence of olive, corn, cottonseed and soya bean oile 
and mixtures thereof. 

APPARATUS 

1. 220mm x 26-27mm test tubes 

2. Condenser consisting of a glass tube with stopper. 

3. Thermometer graduated in 0.25° from 8 to 25°C, fixed in a stopper. 

4. Preparation of Sample. 
REAGENTS 

The reagent used shall be of recognized analytical reagent quality. 

1. Aqueous ethanolic potassium hydroxide solution. 42. 5g of pure KOH is dissolved 
in 72ml of distilled water and adjusted to 500ml with 95* v/v ethanol. 

2. 70* v/v ethanol solution (use pure ethanol or rectified spirit). 

3. Aqueous acetic acid solution 1+2 (by volume) so adjusted that 1.5 ml exactly 
neutralizes (phenolphthalein indicator) 5 ml of the aqueous ethanolic potassium 
hydroxide solution. 

PREPARATION OF SAMPLE 

To remove water, the oil is decanted and filtered through paper at a temperature 
slightly above the melting point of any solid constituents which could separate from 
the fluid fatty matter. 

PROCEDURE 

Place 1ml of oil and 5ml of the aqueous ethanolic KOH solution into a test tube. 
Connect to condenser and heat moderately, agitating by rotation from time to time until 
saponification is complete, i.e. until a perfectly clear solution is obtained. Allow 
to cool, disconnect condenser and add 1.5ml of the aqueous aoetio acid solution and 
50ml of the ethanol solution. Attach thermometer and homogenize. Place test tube in 
a beaker of water at 23-25°C. If a flocculent precipitate forms, leave standing for 
an hour at the same temperature and filter into a test tube. Attach thermometer 
to the test tube containing the clear solution. Place for a moment in a beaker of 
water at about 10 C less than the estimated Bellier index. Withdraw and ensure even 
temperature by inverting a number of times (cooling should be at the rate of about 
1°C per minute). Repeat this operation until cloudiness appears. Note temperature. 
Allow the temperature to increase a few degrees to dissolve the precipitate. Homogenize 
by inverting test tube and cool. The cooling should be alow and shaking more frequent 
as the temperature approaches that noted the first time. 
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EXPRESSION OF RESULTS 

o 

The Bellier index is the temperature C at which the cloudiness reappears. 
REPEATABILITY 

Two parallel determinations may not differ by more than 0.25°C. 
REFERENCE 
- CAC/RM 20.1970 

K. A. Williams, Oils, Fats and Patty Foods, p. 159 
N. Evers Analyst 1912. & 487 and 1937 62 96 
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ARACHIS OIL TEST (EVERS) 

SCOPE 

The test ie designed for use with arachis oil, alone or in admixture with liquid 
fatty oils. It is not applicable to mixtures of arachis oil with solid fats. It is 
not suitable for the evaluation of the purity of arachis oil. 

PRINCIPLE 

Arachidio acid is precipitated from the saponified oil sample, crystallized fron 
90^ ethanol and dissolved in diethyl ether. The solution is then evaporated and the 
residue dried and weighed, after the confirmation of its identity by the determination 
of its melting point which should be 71° or ov er. 

REACENTS 

The reagents used shall be of recognized analytical reagent quality. 

1. Potassium hydroxide, 1.5 M solution in 9556 (v/v) ethanol. 

2. Acetic acid, 33* (m/m) solution 

3. Ethanol, 70# (v/v), d - O.89O («) 

4. Ethanol 90# (v/v), d - 0.832 to 0.835 (*) 

5. Hydrochloric acid, d - 1. 18 

6. Diethyl ether 
PROCEDURE 

Boil 5g of the oil in a 250ml oonioal flask with 25ml of the potassium hydroxide 
solution for 10 minutes under a reflux condenser. Add to the hot solution 7. 5nl of the 
acetio aoid solution and 100ml of the 70?6 ethanol to which lml of HC1 has been added. 
Maintain the temperature of the mixture for 1 h at 12 0 to 14°C If no precipitate forme 
arachis oil is absent. 

If there is a precipitate, filter the solution and wash the precipitate with the 
same mixture of 70# ethanol and HC1 at 17°C to 19 C, breaking up the precipitate 
occasionally by means of a platinum wire bent into a loop. Continue the washing until 
the washings give only a faint turbidity with water. 

Note the total volume of the 70^ ethanol used for the crystallization and washing. 
Dissolve the precipitate in the smallest possible quantity of the 9056 ethanol (25 to 70ml 
and cool the solution to 15°C for 3 h. 

If no precipitate forms arachis oil is absent. 

If any crystals appear, filter the solution and wash with about half the volume 
of 9<-'t ethanol used for orystallization at the same temperature and then with 50ml of 
the 7056 ethanol. Dissolve the crystals in warm diethyl ether and filter into a tared 
flask, washing the filter well with the ether and adding the washings to the solution 
in the flask. Evaporate the ether and dry the residue at 100°C and weigh. Determine 
the melting point of the crystals, preferably in a closed capillary melting point tube 
and, if it is found to be lower than 71°C, recrystallize from 90# ethanol, transfer to 
a tared flask, dry, weigh as before, and determine the melting point. 

* Ethanol may be replaced by industrial methylated spirit (ethanol containing 5^ by 
volume of wood naphtha, analytical grade) of equivalent strength. 
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If the melting point is below 71°C araohis oil should be assumed to be absent. 

If the melting point is 71°C or over add to the weight thus found (from Tables 1 
and 2 respectively;, corrections for the solubility of the crystals (a) in 90$ ethanol 
and (b) in 70# ethanol, in the latter case calculating the correction from the total 
quantity of 70# ethanol used in precipitating and washing - including the 100ml used in 
the first instance. 

Table 1 



mass of crystals obtained 


Correction to be added per 
70ml of 90* (v/v) ethanol 
at 15°C 




s ■ 


0.05 


0.021 7 


0. 10 


0.025 2 


0.15 


0.029 5 


0.20 


0.033 6 


0.25 


0.036 4 


0.30 


0.038 5 


0. 35 


0.040 7 


0.40 


0.042 7 


0.45 


0.044 0 


0.50 


0.045 7 



Table 2 



melting point 
of orystals 


Correction to be 
added per 100ml 
70$ (y/v) ethanol 
at 15 C 


Factor for converting 
corrected proportion 
of araohidic acid to 
arachis oil («) 


OC 


8 




71.0 


0.013 0 


17.0 


71.5 


0.009 9 


18.6 


72.0 


0.008 0 


20.0 


72.5 


0.006 7 


21.1 


73.0 


0.006 0 


22.0 



CALCOLATIOK AND EXPRESSION OF RESULTS 

Results are calculated applying the appropriate corrections, and expressed as 
g araohidic aoid/kg oil. 

g araohidic acid/kg oil - oorrected mass of dried crystals obtained (g) x 200 

Note t If desired, the apparent $ m/m of arachis oil present can be evaluated by 
applying the appropriate factor in Table 2, Column 3. The results so obtained are not 
suitable for the evaluation of the purity of arachis oil. 

ttEFEREHOE 

- CAC/RM 11-1969 which is based on BS 684:1958, Methods of Analysis of Oils and 
Fats, p.97 

« Hot needed for calculation and expression of results 
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MARGARINE 

The Codei Standard CAC/RS 32-1969 recommends the following compositional limits: 
Fat {.80# m/m 
Water ^ 16# m/m 

Vitamins A and esters, D, E and esters and other vitamins may be added and it is 
recommended that maximum and minimum levels are laid down under national legislation. 
Sodium chloride, sugars and suitable edible proteins may also be added and milk or 
milk products may be used in manufacture. The following may be added, the amount not 
being limited, otherwise than by good manufacturing practices 

^ — carotene, annatto*, curcumin*, canthaxanthin, beta— ape— 8'— carotenal, methyl 
and ethyl esters of beta-apo-S'-carotenoic acid, natural flavours and their identical 
synthetio equivalents, except those which are known to represent a toxio hazard*, 
other synthetio flavours approved by the Codex Alimentarius Commission*, mono- and 
diglycerides of fatty acids, lecithins and components of commercial lecithin, citrio 
and lactic acids and their potassium and sodium salts, L- tartaric acid and its sodium 
and sodium-potassium salts, sodium hydrogen carbonate, sodium carbonate and sodium 
hydroxide, natural and synthetio tocopherols. 

Recommended limits have been set for the following additivest 

Maximum level of use 

Mono- and diglycerides of fatty acids esterified 

with the following acidss 10 g/kg 

acetic, acetyl tartaric, citric, lactic, 
tartario and their sodium and calcium salts 

Polyglycerol esters of fatty acids 5 g/kg 

1,2-propylene glycol esters of fatty acids 20 g/kg 

Esters of fatty acids with polyalcohols other than 

glycerol! 10 g/kg 

Sorbitan monopalmitate 
Sorbitan monostearate 
Sorbitan tristearate 

Sucrose esters of fatty acids (including sucroglycerides)* 10 g/kg 

Preservatives 

Sorbic acid and its sodium, potassium and calcium salts ) 1,000 mg/kg individually 

or in combination, 

Benzoic acid and its sodium and potassium salts ) expressed as the acids 



» Temporarily endorsed 
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Maximum level of use 



Antioxidants 



Propyl, octyl, and dodecyl gallates 
Butylated hydroxytoluene (BR?) 
Butylated hydroxyaniBole ( BHA ) 



100 mg/kg individually or in 
combination 



Aacorbyl palmitate 



200 mg/kg individually or in 
combination 



Ascorbyl atearate 



Antioxidant Synergists 



Isopropyl citrate mixture 



100 mg/kg 



Maximum levels are set for the following contaminants: 



Iron Fe 
Copper Cu 
Lead Pb 
Arsenic As 



1.5 mg/kg 



0.1 mg/kg 
0.1 mg/kg 
0.1 mg/kg 



ROUTT HE ANALYSIS 

Margarine may be analyzed by the methods used for butter. Determination of the 
RPK values will enable assessment to be made of the amount of butterfat added, if any. 

CAC/RS 32-1969 details the AMC (1959) method for vitamin E, using paper 
chromatography to separate the different tocopherols. The method of Christie et al 
(1973) is easier to use, although the chromatography materials specified must be used. 
Interference by diners is unusual in practice. 
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GLC OP PATTY ACID METHYL ESTERS 

PRINCIPLE 

The methyl esters are formed using boron trifluoride or methanol and alkali 
and separated by gas-liquid chromatography using a flame ionization detector. The 
methyl esters are also suitable for analysis by TLC and IR. 

APPARATUS 

1. Gas liquid chromatograph with the following characteristics: 

- Injection system heated to a higher temperature (20 to 50°C) than that of 
the column. 

- Oven. The oven should be capable of heating the column to at least 220°C 
and of maintaining the desired temperature to within 1°C. 

- If temperature programming is to be employed, an apparatus with a twin column 
is recommended. 

- PaokBd columnt 

- Column of glass or stainless steel (note 2). Length: 1 to 3m. A relatively 
Bhort oolumn should be UBed when long chain acids (C20) are present. For the 
determination of C. and C, fatty acids, a 2m column is recommended. Internal 
diameter: 2 to 4mm. 

- Packing: Support - acid-washed and silanized diatomaceous earth, or other 
suitable inert support with a narrow range (25 ym) of grain size between 
the limits 125-200 jum, the average grain size being related to the internal 
diameter and length of the column. 

Stationary phase: polyester type of polar liquid (e.g. diethylene glycol 
poly succinate, butanediol polysucoinate, ethylene glycol polyadipate) or any 
other liquid (e.g. cyanosilicones) meeting the requirements below. The 
stationary phase should amount to 5 *° 20 percent of the paoking. A non- 
polar stationary phase can be used for certain separations. 

- Conditioning the newly prepared column. 

The oolumn being disconnected from the detector, heat the oven to 185°C and 
pass a ourrent of inert gas through the freshly prepared column at a rate of 
20-60 ml/min for at least 16 hours at this temperature, and for 2 hours more 
at 195°C. 

- Detector. Preferably, the detector should be capable of being heated to a 
temperature above that of the column. The manipulations described below relate to the 
use of a flame-ionization deteotor (Note l). 

2. Syringe. Maximum capacity 10 yl, graduated in tenths of a jtl, 

3. Reoorder. If the recorded curve is to be used to calculate the composition of the 
mixture analysed, an electronic recorder of high precision is required. 

The characteristics of the recorder should be: 

- Rate of response below 1.5 sec, preferably below 1 sec. 

- Width of the paper: 25cm minimum. 

- Paper speed: 25 to 150 cra/hr. 
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4. Integrator (optional). Rapid and accurate calculation can be performed with the 
help of an electronic integrator. This must give a linear response with adequate 
sensitivity, and the correction for deviation of the hase-line must he satisfactory. 

5. 50 and 100ml boiling flasks with ground joint. 

6. Reflux condenser, 20 to 30 era effective length, with ground joint. 

7. Boiling chips (fat-free). 

8. Inlet tube for nitrogen. 

9. Graduated pipette, capacity at least 10ml, fitted with a rubber bulb, or 
automatic pipette. 

10. Test tubes with ground stoppers. 

11. 250ml separating funnels. 
REAGENTS 

1. Carrier gas: inert gas (nitrogen, helium, argon) thoroughly dried and containing 
less than 10 rag/kg of oxygen. 

2. Auxiliary gast hydrogen (99-9 percent min. purity) free from organio impurities} 
air or oxygen free from organio impurities. 

3. Reference standards: a mixture of methyl eBters, or the methyl esters of an oil 
of known composition, preferably similar to that of the fatty matter to be analysed. 

4. Methanolic sodium hydroxide solution, approximately 0.5M. 

Dissolve 2g of sodium hydroxide in 100ml methanol containing not more than 0.5 
percent m/ra of water. When the solution has to be stored for a considerable time, a 
small amount of white precipitate of sodium carbonate may be formed} this has no 
effeot on the preparation of the methyl esters. 

5. Methanolic solution of boron trifluoride, 12 to 15 percent m/m. 14 and 5° percent 
solutions are available commercially (Note 6). 

CAUTION : Boron trifluoride ie poisonous . For this reason, it is not recommended that 
the analyst prepare the methanolic solution of boron trifluoride from methanol and boron 
trifluoride (Note 7). 

6. Heptane, chromatographic quality (Note 6, Note 8). 

7. Redistilled light petroleum (bp 40-60°C), bromine value <1, reBidue-free: or 
hexane (Note 6). 

8. Anhydrous sodium sulphate. 

9. Saturated aqueous solution of sodium chloride. 

10. Methyl red, 1 g/l solution in 60 percent v/v ethanol. 
PROCEDURE 

Prepare the methyl esters of the fatty acids. The following method using boron 
trifluoride gives good results on a wide range of samples and iB preferable to 
alternative methods which may be used in case boron trifluoride is not available. 
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Such methods, respectively for oils and fats of acid value <2 and>2, and where lower 
(4-6C) fatty acids are involved are given as appendices 1-3 to this method. 

1. Hethylation using boron trifluoride. 

Because of the toxic character of boron trifluoride, the following operations are 
best performed under a ventilated hood. All glassware must be washed with water 
immediately after use . 

If the oil or fatty aoids include fatty acids containing more than 2 double bonds, 
it is advisable to purge the air from the methanol and the flask by passing a stream of 
nitrogen into the methanol for a few minutes. 

Transfer about 350mg of clear oil (filtered if necessary) to a 50ml conical flask, 
add 6ml of the 0.5 M methanolic sodium hydroxide solution, 7ml of methanolic boron 
trifluoride solution and a boiling chip. Pit the condenser to the flask. Boil under 
reflux until the droplets of fat disappear (this may take 5 to 10 minutes, but in 
exceptional cases it may require more than 10 minutes). 

Add the appropriate amount of methanolic boron trifluoride solution from the 
bulb or automatio pipette through the top of the condenser to the boiling liquid. 
Continue boiling for 2 minutes. 

Add 2 to 5">1 of heptane (Note 8)(the precise amount does not affect the reaction) 
to the boiling mixture through the top of the condenser. Continue boiling for 1 minute. 

Withdraw the source of beat, and then remove the condenser. Add a small portion 
of saturated sodium chloride solution and shake the flask gently by rotating it 
several times. 

Add more saturated sodium chloride solution to the flask in order to bring the 
level of liquid into the neck of the flask. Transfer about 1ml of the upper layer 
(heptane solution) into a test-tube with a ground-glass neck and add a little anhydrous 
sodium sulphate to remove any trace of water. This solution will contain about 5-10 
percent of methyl esters and may be injected directly into the column for gas liquid 
chromatography. 

If the sample consists of fatty acids, not triglycerides, the former may be 
methylated directly by proceeding as above, but omitting the methanolic sodium 
hydroxide solution. 

2. Gas Chromatography. 

The size of the sample should be chosen so that the assembly of detector and 
eleotrometer gives a linear response. 

As a rule, a column of sufficient efficiency to give at least 2,000 theoretical 
plates for methyl stearate and its elution within about 15 minutes will give 
satisfactory results. 

Conditions should be varied as under: 



Internal diameter of column 



Carrier gas supply 



3 mm 

4 mm 



15 - 25 ml/min 
20 - 40 ml/min 
40 - 60 ml/min 
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Concentration of Stationary phaiae Temperature 

5 peroent 175° C 

10 peroent 180°C 
15 percent i85°C 
20 percent 185°C 



Where the apparatus allows it, the injector should be at a temperature of about 
200°C and the detector at a temperature equal to, or higher than that of the column. 

The flow of hydrogen to the f lame-ionization detector is hest about half that of 
the carrier gas, and the flow of oxygen about 5 to 10 times that of hydrogen. 

Determining the column efficiency and peak resolution 

Carry out the analysis of a mixture of methyl stearate and oleate in about 
equivalent proportions (e.g. methyl esters from cocoa butter). Choose the size of the 
sample, the temperature of the column and the carrier gas flow so that the maximum 
of the methyl stearate peak is recorded about 15 minutes after the solvent peak, and 
reaches about 3/4 of full scale deflection. 

Calculate the number of theoretical plates and the resolution R. (8ee 'Techniques') 
of methyl stearate separation. 

Operating conditions to be selected are those which will afford at least 2,000 
theoretical plates for methyl stearate, and a resolution at least 1.25. Additionally, 
linolenic acid (Cjg^) should be separable from arachidic acid (C 2 o.o) and gadoleio 
aoid (C 20jl ). 

ANALYSIS 

The sample for examination shall be 0.1 to lul of the heptane solution of methyl 
esters. In the case of esters not in solution, prepare an approx. 10 peroent solution 
in heptane and inject 0. 1 to 2 fil of thiB. 

If the search iB for constituents present only in trace amounts, the sample sise 
may be increased (up to tenfold). 

As a rule, the operating conditions will be those defined above. Nevertheless, it 
is possible to work with a lower column temperature where the determination of acids 
below C\2 * 8 required, or at higher temperature when determining fatty aoids above C 2 o. 

If possible, it is recommended that analysis be made on two columns of different 
polarity to check for the absence of coincident peaks, for example in the case of fish 
oils, or in the case of the simultaneous presence of C1813 and C 2C . j0 or of c l8t3 and 
conjugated Ci8t2» 

On occasion, it is possible to employ temperature programming in both the previous 
cases. If the sample contains the methyl esters of fatty acids below C12, it is 
neceseiry to inject the sample at 1Q0°C (or at 5O-60°C if butyric acid is present), and 
to raise the temperature at 4 - 8°C/min. In some cases the two procedures can be 
combined! after the programmed heating, continue the elution at a constant temperature 
until all the components have been eluted. If a temperature programming facility is 
not provided, work at two fixed temperatures between 100°C and 195°C. 
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EX. 



I0N 0F Tm: 



Qualitative Analysis 

Analyse the reference standard mixture of known composition under the same 
operating conditions as those employed for the sample, and measure the retention 
distances (or retention times) for the constituent fatty acids. Using semi-logarithmic 
paper, construct the graphs showing the logarithm of the retention distance (or retention 
time) as a function of the number of carbon atoms; in isothermal conditions, the graphs 
for straight chain aoids of the same degree of uneaturation should be straight lines, 
and lines for homologous series of different degrees of unsaturation should be 
approximately parallel. 

Identify the peaks in the sample from these graphs, if necessary by interpolation. 

It is necessary to avoid conditions such that "masked peaks" exist, i.e. where the 
resolution is insufficient to separate two acids. 

QUANTITATIVE AHA LYSIS 

Determination of the composition 

Apart from exceptional cases, use the method of internal normalization, i.e. assume 
that the whole of the components of the sample are represented on the ohromatogram, so 
that the total of the areas under the peaks represents 100 percent of the constituents 
(total elution). 

If the equipment includes an integrator, use the figures obtained therefrom. If 
not, determine the area under each peak by triangulation (multiply the height by the 
breadth at mid-height) and, when necessary, take into account the various attenuations 
used during the recording. 

The general case 

If significant amounts of components below C3 are absent, caloulate the content 
of a given constituent (expressed as percent of methyl esters) by determining the 
percentage represented by the area of the corresponding peak relative to the sun 
of the areas of all the peaks t 

percent m/m of the component i expressed as methyl ester - A i x 100 



Use of correction factors 

In certain cases, particularly in the presence of acids below Co or of acids 
with secondary groups, and with a catharometer detector, correction factors must be 
used to convert the percentages of peak areas into mass-percentages of the components. 

Determine the correction factors with the help of a chromatogram derived from 
the analysis of a reference mixture of methyl esters of known composition under 
operating conditions identioal with those used for the sample. For this reference 
mixture t 





peroent m/m of component i - 




where: B ± - mass of component i in the reference mixture, 

V Bi ■ total of the masses of the various components of the reference 
mixture 
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Prom the chromatogram of the reference mixture one can calculate: 
percent area/area of component i = C i T 100 

where: - area under the peak corresponding to component i, 
2 Cj • sun of the areas under all the peaks 

Whence : 

correction factor - B j x^]c 1 

C i *L B i 

Commonly, the correction factors are made relative to K l6 - 1, so the relative 
factors be come i 

<■ Ji_ 

"16 

Then for the sample, the content of each component is given by: 

percent m/ra of component i, expressed as methyl ester - K 'i x A i x 10Q 

Use of an internal Btandard 

In oertain cases (notably the assay of and Cg aoids, and the determination of 
the acidB when all the fatty acids are not eluted) an internal standard should be 
used (Cc and C,,- or C,_ respectively) and the correction factor for the internal 
standard should be determined. 

percent m/m of component i, expressed as methyl ester - ri g x K' x x k ± 

x 100 

m x K' s x A s 

where: n> s - mass, in mg, of the internal standard 
m - mass, in mg, of the sample 

K« g ■ correction factor for the internal standard 

Ag - area of the peak corresponding to the internal standard 
Ai ■ area of the peak corresponding to component i 
Expression of the results 

Give the results to 3 significant figures for contents over 10 percent, 
to 2 significant figures for contents between 1 and 10 percent, 
to 1 significant figure for contents below 1 percent. 
Repeatability 

The difference between the results of two determi nations carried out on the same 
day by the same operator using the same apparatus for the same esters and for 
constituents present in exceos of 5 percent should not exceed a relative figure of 
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3 percent of the determined value, with an absolute value of 1 percent. For components 
present in amounts of lees than 5 percent, the repeatability diminishes progressively 
as the percentage goes down. 

Reproducibility 

The difference between the results obtained in two different laboratories for 
constituents present in excess of 5 percent should not exceed a relative value of 
10 percent of the determined figure, with an absolute maximum of 3 percent. For 
constituents present in amounts less than 5 percent, the reproducibility diminishes 
progressively as the content is reduced. 



1. A gas liquid ohromatograph employing a catharometer detector may be used. 
Operating conditions must then be modified as follows : 

Column: length! 2 to 4m 

internal diameter 4 mm 

Support: particle size between 160 and 200 ym 

Stationary phase i 15 to 25 percent 

Carrier gasi helium (if this is not available, hydrogen with a 

content of oxygen as low as possible) 

Injector temperature! 40 to 60 C above that of the column 

Column temperature: 180 - 200°C 

Flow of oarrier gas: usually between 60 and 80 ml/min 
Amount of sample injected: usually between 0.5 and 2 ^il 

Quantitative analysis: the correction factors described above must be used. 



2. If polyunsaturated components with more than 3 double bonds are present, 
tuey may be decomposed in a stainless steel column. 

3. The method of methylation with boron trifluoride may lead to erroneous 
results with the following compounds: 

- compounds having secondary oxygen groupings (hydroxy, hydro peroxy, keto, epoxy ); 
compounds containing cyclopropane and cyclopropene groups; 

conjugated polyunsaturated compounds and acetylenic compounds; 

- waxes. 

For these it is preferable to use one of the alternative methods (Appendices 1-3) 
unless the amounts present are small (e.g. as in cottonseed oil). 

4. In preparing the methyl esters of C$ and Cq fatty acids, it is essential to 
avoid evaporation of the solution in order to avoid loss of esters. 
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5. If the unsaponifiable matter interferes, dilute the saponified solution with 
water and eliminate the unsaponif iable matter by extraction with diethyl ether or light 
petroleum as described in the method for the determination of unsaponifiable matter. 
Aoidify the aqueous soap solution and separate the fatty acids. Prepare the methyl 
esters from those as described in the given methods. 

6. In the course of the gas liquid chromatography of the methyl esters, certain 
reagents, particularly the methanolic boron trifluoride solution may produce 
adventitious peaks on the graph (in the region of - ^22 acids in the case of 
methanolic boron trifluoride solutions). Consequently any new batch of reagent should 
be checked by preparing the methyl ester of pure oleio aoid, and chromatographingj if 
an extraneous peak appears, the reagent should be rejected. The various reagents must 
not give peaks interfering with those of methyl esters of fatty acids during the gas 
liquid chromatography. 

The methanolic solutions of boron trifluoride must be stored in a refrigerator. 

7. If it is quite unavoidable to prepare a solution of boron trifluoride 
from gaseous boron trifluoride, the recommended method ist 

Weigh 2 1 flask containing 1 1 of methanol. Cool in ice bath, and with 
flask still in bath, bubble BF^ from oylinder through a glass tube into the methanol 
until 125g BP3 is absorbed. Perform operation in fume hood. BF3 must be flowing 
through the glass tube before it is placed in and until it is removed from methanol to 
prevent liquid from being drawn into gas cylinder valve system. Gas should not flow 
so fast that white fumes emerge from flask, tteagent iB stable 2 years, 

8. If fatty acids containing 20 or more carbon atoms are absent, hexane may 
be substituted for heptane (mixture of pure £, isomers tested by gas liquid 
chromatography). 

9. If the suggested amount of sample is not available, lOmg or even less, may 
be used, provided that the amounts of reagent and capacity of the glassware used are 
reduced proportionally. 

10. It is preferable to analyze the methyl esters as soon as possible. If 
necessary, the heptane solution containing the methyl esters may be stored under an 
inert gas in a refrigerator. In the case of prolonged storage, it is desirable to 
protect the methyl esters from autoxidation by adding to the solution an antioxidant 
in such concentration as will not interfere with the subsequent analysis, e.g. 0. 005 
percent m/v of BHT (2, 6-di-tertbutyl-toluene ). 

If necessary, the dry and solvent-free methyl esters may be stored 24 hours 
under inert gas in a refrigerator, or longer in a sealed tube under vacuum in a freezer. 

11. There is some risk of losing part of the most volatile methyl esters if the 
evaporation of the solvent is prolonged, or if the current of nitrogen is too vigorous. 

For infra-red spectroscopy, elimination of the solvent must be as complete 
as possible. (For gas liquid chromatography, do not remove solvent). 

REFERENCE 

- IUPAC IID19 and IID25 
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APPENDIX I 



ALTERNATIVE METHOD FOR PREPARATION OP METHYL ESTERS OP PATTY 
ACIDS OP NEUTRAL OILS AND PATS (ACID VALUE < 2) 

PRINCIPLE 

Me thano lysis of the glycerides in an alkaline medium. 
APPARATUS 

1. High speed stirrer, with heater (e.g. magnetic stirrer and hot-plate). 

2. 100ml ground-necked conical or round-bottomed flask. 

3. Inlet tube for passing nitrogen. 

4. Reflux condenser to fit the flask. 

5. Boiling chips (fat-free). 

6. 125ml separating funnels. 

7. 50ml narrow-mouthed conical flask. 
RBACENTS 

1. Methanol, containing not more than 0.5 percent m/m of water. 

2. Methanolic potassium hydroxide solution, approx. M. Dissolve 5. 6g of potassium 
hydroxide in 100ml of methanol containing not more than 0.5 percent m/m of water. 

3. Heptane, chromatographic quality. 

4. Anhydrous sodium sulphate. 

5. Nitrogen, containing less than 5 mg/kg of oxygen. 
PROCEDURE 

If the oil includes fatty acids containing more than 2 double bonds, it is 
advisable to purge the air from the methanol and the flask by passing a stream of 
nitrogen into the methanol for a few minutes. 

Transfer about 4g of clear sample oil into a 100ml round-bottomed or conical 
flask. Add about 40ml of methanol, 0. 5ml of potassium hydroxide solution and a 
boiling chip. Pit under the reflux condenser, stir and bring to the boil. The 
solution should become clear. The reaction is usually complete after 5 to 10 minutes. 
(Oils such as castor oil may not become completely clear). 

Cool under running water and transfer the contents to a 125ml separatjng funnel, 
rinsing the flask with 20ml heptane. Add about 40ml of water, shake and allow to 
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separate. The esters pass into the upper heptane layer. Separate. Extract the 
aqueous layer again with 20ml heptane. Comhine the two extracts and wash them with 
several 20ml portions of water. Separate and dry the ester solution over anhydrous 
sodium sulphate. Filter through cotton wool into a 50ml conical flask and evaporate 
the solution down to approximately 20ml over a water-hath, while passing a stream of 
nitrogen. 

NOTES 

Those for the boron tri fluoride method apply. 
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APPENDIX 2 

ALTERNATIVE METHOD FOR PREPARATION OP METHYL ESTERS OP 
PATTY ACIDS OP ACID OILS AND PATS (ACID VALUE >2) AND OP PATTY ACIDS 

PRINCIPLE 

Neutralization of the free fatty acids and alkaline roethano lysis of the glyoerides 
followed by esterification of the fatty acids in acid medium. 

For fatty acids, esterification is carried out directly in an acid medium. 
APPARATUS 

1. High speed stirrer and heater (e.g. a magnetic stirrer and hot-plate). 

2. 250ml ground-necked conical or round-bottomed flask. 

3. Inlet tube for passing nitrogen. 

4. Reflux condenser to fit the flask. 

5. Boiling chips (fat-free). 

6. 250ml separating funnels. 

7. 100ml narrow-necked conical flask. 
REAGENTS 

1. Sodium methoxide solution. Dissolve lg of sodium in 100ml of methanol containing 
not more than 0.5 percent m/m of water. 

2. Methanolic solution of anhydrous hydrochloric acid, appror. M (but Bee note b) 
(see note a). 

3. Heptane, chromatographic quality. 

4. Anhydrous sodium sulphate. 

5. Nitrogen, containing less than 0.5 mg/kg of oxygen. 
PROCEDURE 

If the acid oil includes fatty acids containing more than 2 double bonds, it is 
advisable to purge the methanol and the flask by passing a stream of nitrogen into the 
methanol for a few minutes. 

Transfer about 4g of clear sample oil into a 250ml conical or round-bottomed flask. 

Add 40ml of the sodium methoxide solution. Pit the reflux condenser, stir and bring 
to the boil (see note c). The solution should become clear, which usually occurs in about 
10 minutes. The reaction is normally complete after 15 minutes. 
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Then add at least 50ml of the hydrochloric acid solution to the flask, and boil 
again for 10 minutes. 

Cool under running water, add 100ml of water to the flask, then pour the contents 
into a 250ml separating funnel and add 30ml of heptane. Shake vigorously and let Bettle 
until the 2 phases have separated. Collect the heptane layer. Extract the aqueous phase 
again with 30ml of heptane. Combine the two heptane eztraots and wash them several times 
with water until neutral. Separate and dry over anhydrous sodium sulphate. Filter through 
cotton wool into a 100 ml flask and finally evaporate the solution down to 20ml over a 
boiling water-bath, while passing a stream of nitrogen. 

Procedure for use with fatty aoids 

The following simplified procedure is suitable for fatty acids. 

If the fatty acids include fatty acids containing more than 2 double bonds, it is 
advisable to purge the air from the methanol and the flask by passing a stream of 
nitrogen into the methanol for a few minutes.. 

Transfer about 4g of prepared fatty acids into a 250ml conical or round-bottomed 
flask. 

Add 50ml of the hydrochloric acid solution and a boiling chip, and boil for 
10 minutes under reflux. 

Cool under running water and add 100ml of water, then transfer the contents to a 
250ml separating funnel and add 30ml of heptane. Shake well and allow the 2 layers to 
separate completely. Draw off the aqueous layer and extract it again with 30ml of 
heptane. Combine the two extracts and wash several times with water until neutral. 
Separate and dry over anhydrous sodium sulphate. Filter through cotton wool into a 
100ml oonical flask and evaporate to 20ml on a water-bath, while passing a stream of 
nitrogen. 



NOTES 

(a) Small amounts of gaseous hydroohloric aoid oan easily be prepared in the 
laboratory by simple displacement from the commercial solution (p - 1.18) by 
dripping ooncentrated sulphuric acid (p - 1.84) on to the hydrochloric aoid 
solution. The liberated gas is dried by bubbling through concentrated sulphuric 
aoid. Since hydrochloric acid is very rapidly absorbed by methanol, it is advisable 
to take the usual precautions in dissolving it, i.e. introduce the gas through a small 
inverted funnel with the rim just touching the surface of the liquid. Large 
quantities of oethanolic hydrochloric aoid solution oan be prepared in advance, as 

it keeps well in glass-stoppered bottles stored in the dark. 

(b) Before introducing the sample, prepare sodium methoxide by adding 40ml of 
methanol to the flask followed by 0.4g of sodium. 

(o) In the case of very acid oils and fats, owing to the relatively high quantity 
of sodium methoxide, precipitation of sodium chloride occurs, which may lead to 
bumping during the subsequent boiling. This precipitate may be filtered off, 
although, owing to the short period of boiling prescribed, this is usually 



I 
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APPENDIX 3 



ALTERNATIVE METHOD FOR PREPARATION OP METHYL ESTERS WHERE 
LOWER PATTY ACIDS (C 4 , Cg) ARE PRESENT (NOT SUITABLE POH ACID PATS OR OILS) 

PRINCIPIE 

Methyl esters are formed by the reaction of a fat with methanolic potassium 
hydroxide as an intermediate stage before the saponification takes place. 

For the determination by gas liquid chromatography of the lower fatty acids 
with 4 and 6 oarbone atoms, an internal standard (methyl pentanoate) has to be added 
to the methyl esters. 

For the determination by gas liquid chromatography of the fatty acid composition 
of the fat and for the other physical determinations, an internal standard is not 
required. 

APPARATUS 

1. (About) 20 ml test tubes with ground joints. 

2. 50 and 100 ml volumetric flasks. 

3. 1 «1 (or more) graduated pipettes. 

4. 10 ml measuring cylinder. 
REAGENTS 

1. Methanolic potassium hydroxide solution, approximately 2M. 

Dissolve 11.2c of potassium hydroxide in 100ml of methanol containing not more 
than 0.5 percent m/m of water. 

2. Heptane, chromatographic quality. 

3. Reference solution I. In a 50ml volumetrio flask weigh to the nearest 0. lmg, 
lg of methyl pentanoate and make up to the mark with heptane. 

4. Reference solution II. In a 100ml volumetrio flask weigh to the nearest O.lmg 
200mg of methyl pentanoate and make up to the mark with heptane. 

PROCEDURE 

If the further determination of butyric acid by gas liquid chromatography is 
required, it is necessary to use a reference solution: referen e solution I if the 
presumed amount of butyric acid is higher than 1 percent, reference solution II if this 
is lower than 1 percent. 

If the determination of the fatty acid composition is required, do not use a referen 
solution. 
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In a test tube about 20ml with ground joint weigh to the nearest lrag lg of the 
prepared sample. Add 10ml of heptane measured with the measuring cylinder. With the 
graduated pipette add 1.0ml of the suitable reference solution, 

NOTE i If the determination of butyric acid is not required it is not necessary to 
weigh the sample to the nearest lmg nor to add the reference solution. 

Add 0.5ml of the methanolic potassium hydroxide solution about 2M and mix the 
content of the test tube by inversion until it becomes clear. This requires about 
20 seconds. Almost immediately after clearing, the solution again becomes turbid due 
to separation of glycerol. Sedimentation of the glycerol follows quickly. 

Decant the upper layer containing the methyl esters. 

The methyl estere may be stored in a refrigerator for several days. 

REFERENCE 

- Muraguin, p. 104 
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C.7. BEVERAGES - ALCOHOLIC 

SPIRITS 

These should be examined for ethanol and total solids (extract). Ethanol is 
normally over 37 percent V/V in spirits. It may also be necessary to examine for 
ash, acidity, tannins, esters, furfural and other aldehydes, ketones, higher alcohols, 
methanol and isopropanol. Some typical analyses for brandy, whisky, gin and rum are 
given in Pearson (1976). Hart and Fisher (1971) give B01 «« analyses for American 
whiskeys. 

Analyses not given in detail in this chapter may be carried out according to 
methods given in the AOAC 12th Ed. (1975). See also "Standard Methods of Whisky 
Analysis" published by the Scotch Whisky Association, U.K. and the Reports of the 
Research Committee on the Analysis of Potable Spirits. 



LIQUEURS 



These are of great variety, usually sweetened and flavoured distilled spirits. 
The flavouring components and other materials may interfere in the estimation of 
of ethanol, in which case one of the methods of the B.P. 1968, p. 1278 may be used. 
The presence of interfering substances is inferred when the refractive index reading 
does not correspond to the specific gravity according to the following tablet 



Spegjfig gravity flt 20 /20 Refractive Index at 20° 

of the distillate of the distillate 



0.9710 


1.34661 


0.9720 


1.34605 


0.9730 


1.34549 


0.9740 


1.34493 


0.9750 


1.34437 


0.9760 


1.34380 


O.9770 


1.34324 


O.978O 


1.34267 


0.9790 


1.34211 


0.9800 


1.34154 


0.98IO 


1.34098 


0.9820 


I.34044 


O.9830 


1.33991 


0.9840 


1.33942 


0.9850 


1.33892 


O.986O 


1.33842 


0.9870 


1.33796 


0.9880 


1.33751 


O.9890 


1.33705 


0.9900 


1.33663 


0.9910 


1.33620 


0.9920 


1.33578 


0.9930 


1.33540 


0.9940 


1.33501 


0.9950 


1.33466 


0.996O 


1.33432 


O.9970 


1.33397 


0.9980 


1.33362 


0.9990 


1.33331 


1.0000 


1.33300 



opyriyrutju mditjridi 



- 330 - 



The B.P. methods require that the sample be distilled and diluted to four times 
its volume (quadruple bulk), so the use of the table will require dilution of most 
liquer distillates. Both determination of S.G. and R.I. oust be done at 20°C (or 
corrected thereto) and the R.I. should not differ by more than 0.00007 from the value 
corresponding to the specific gravity. If necessary, the R.I. at temperatures other 
than 20°C can be related to the S.G. via AOAC tables 52.004 and 52.003 (1975) • 

Liqueur ohooolates should be steam-distilled prior to the determination of ethanol. 

VINES 

More important determinations on wine include ethanol, sulphur dioxide, other 
preservatives, glycerol, methanol and total solids. It may also be necessary to 
determine ash, acidity (total, fixed and volatile), higher alcohols, sugar, added 
oolour, isopropanol, artificial sweeteners, acetaldehyde, tartaric acid and 
diethyl pyrocarbonate. 

OIV official methods include procedures for salioylic, sorbic, p-hydroxybenzoio 
(and esters), p-ohlorobeneoio and benzoic acids and monochloroaoetio and monobromoacetic 
aoids all of which are possible preservatives. All except sorbic and possibly 
hydroxybenaoic acids are generally considered undesirable. Both the OIV and AOAC (1975) 
give GLC methods for diethyl pyrocarbonate (DEPC). The OIV also describes methods for 
sulphur dioxide, acetaldehyde, sugars, glycerol and 2, 3,-butanediol, sorbitol and 
■annitol and tartanic acid, among others. 

BEER 

The traditional manufacture of beer is from barley, which is allowed to sprout, 
enzymeB being present which convert starch to sugarB. Yeast is added to the infusion 
obtained from the sprouted barley, the resultant fermentation converting a considerable 
proportion of the sugars to ethanol. Bitters such as those from hops are added at some 
stage and the ferment is cleared and filtered. 

The specific gravity of the infusion before fermentation is greater than unity 
due to the presenoe of dissolved solids, mainly sugars. Fermentation lowers the 
gravity both because sugars are removed and because ethanol, which has a lower gravity 
than water, is produced. The higher the specific gravity ("original gravity") of this 
unfermented infusion or beer wort the stronger the beer from it if the fermentation is 
allowed to proceed to its completion. For this reason the original gravity has been used 
traditionally for taxation purposes. It is determined experimentally by removal of the 
alcohol from the finished article by distillation and determination of the alcohol from 
the gravity of the distillate. From this may be calculated the concentration of sugar 
from which this alcohol was derived and what contribution that sugar would make to the 
gravity of the beer wort. This is added to the gravity of the residue adjusted for 
volume, the result being an estimation of the original gravity of the beer wort prior to 
fermentation. 

Before analysing beer samples they must be degassed by pouring from one large 
beaker to another several times and then filtered. 

Apart from alcohol and original gravity the sample should be analyzed for 
acidity, preservatives and toxic elements such as arsenic, lead and tin in canned 
beer. Cobalt has been added as a froth stabiliser and one instance of toxicity 
arising from this has been reported. 

The alcohol content may be from about 2 percent V/V aloohol to about 11 percent 
V/V. In addition beer may be examined for carbondioxide, extraot, ash, chloride, 
glycerol, tannin, bitter substances and diethyl pyrocarbonate. 
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Souroes of analytical methods include methods of analysis of the American Society 
of Brewing Chemists, the European Brewery Convention, the Institute of Brewing 
Analysis Committee (1971) and Hudson (i960). The ASBC methods include quality 
criteria such as colour, taste, foam collapse rate and turbidity. 

For excise purposes, the specific gravity of the beer wort before fermentation 
is of importance, the complete fermentation of worts of higher specific gravity 
leading to stronger beers. The gravity before fermentation is referred to as the 
extract of the original wort or the original gravity. The ASBC gives formulae from 
which the extract and the real and apparent degrees of fermentation may be calculated. 
Essentially the same calculation but using different terminology may be oarried out 
as follows. The alcohol is distilled and the specific gravity of the distillate at 
15«5°C determined. 1000 (l-S.O.) ie called the spirit indication. The residue in 
the flask is diluted to the ori(?inal volume of sample taken and the gravity of the 
solution determined at 15»5° c or corrected to that temperature (specific gravity of 
the extract S.O.j). 

Suppose S.C. - O.9946 

S.G.j - 1.0197 

1000(1 - S.O.) - 5.4 

If the total acidity exceeds 0.1 percent as acetic acid, a correction must be 
made to the spirit indication according to the following tablei 



CORHECTIONS TO BE MADE TO SPIRIT IJTDICATION OP BEER FOR EXCESS -ACID 



Acetic 

acid 






Corresponding degrees of spirit indication 






0.00 


0.01 


0.02 


O.03 


0.04 


0.05 


0.06 


0.07 


0.08 


O.09 


0.0 




0.02 


0.04 


0.06 


0.07 


0.08 


0.09 


0.11 


0.12 


0.13 


0.1 


0.14 


0.15 


0.17 


0.18 


0.19 


0.21 


0.22 


0.23 


0.24 


0.26 


0.2 


0.27 


0.28 


0.29 


0.31 


0.32 


0.33 


0.34 


0.35 


0.36 


0.37 


0.3 


0.39 


0.40 


0.42 


0.43 


0.44 


O.46 


0.47 


0.48 


0.49 


O.51 


0.4 


0.52 


0.53 


0.55 


O.56 


0.57 


0.59 


0.60 


0.61 


0.62 


0.64 


0.5 


0.65 


0.66 


0.67 


0.69 


0.70 
0.82 


0.71 


0.72 


0.73 


0.75 


0.76 


0.6 


0.77 


0.78 


0.80 


0.81 


O.84 


0.85 


0.86 


0.87 


O.89 


0.7 


O.90 


0.91 


0.93 


0.94 


0.95 


0.97 


O.98 


0.99 


1.00 


1.02 


0.8 


1.03 


1.04 


1.06 


1.07 


1.08 


1.09 


1.10 


1.11 


1.13 


1.14 


0.9 


1.15 


1.16 


1.18 


1.19 


1.21 


1.22 


1.23 


1.25 


1.26 


1.28 


1.0 


1.29 


1.31 


1.33 


1.35 


1.36 


1.37 


1.38 


1.40 


1.41 


1.42 



Suppose the acidity - 0.35 percent, the excess - 0.25 and therefore 0.33 must be 
added to the spirit indication, which becomes 5.4 + 0.33 - 5*73. 



Copyrighted material 



332 



Prom the following table, this ie equivalent to gravity lost by 
fermentation of 25.18. 

TABLE OP GRAVITY LOST FOR DETERMINING THE ORIGINAL GRAVITY OP WORTS OP BEER 



De fS!?!t of 

indication 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 



0 


0.00 


1 


4-25 


2 


8.50 


3 


12.90 


4 


17.30 


5 


21.85 


6 


26.40 


7 


31.00 


8 


35-65 


9 


40.30 


10 


45-00 


11 


49-85 


12 


54-85 


13 


59.95 


14 


65.10 


15 


70.30 


16 


75.60 



0.42 0.85 1.27 

4.67 5.10 5.52 

8.94 9.38 9.82 

13.34 13.78 14.22 
17.75 18.21 18.66 
22.30 22.76 23.21 
26.86 27.32 27.78 
31.46 31.93 32.39 
36.11 36.58 37.04 
40.77 41.24 41.71 
45.48 45.97 46.45 

50.35 50.85 51.35 

55.36 55.87 56.38 
6O.46 60. 97 61.48 
65.62 66.14 66.66 
70.83 71.36 71.89 



1.70 2.12 2.55 

5.95 6.37 6.80 

10.26 10.70 11.14 

14.66 15.10 15.54 
19.12 19.57 20.03 

23.67 24.12 24.58 
28.24 28.70 29. 16 
32.86 33.32 33.79 
37.51 37.97 38.44 
42.18 42.65 43.12 
46.94 47.42 47.91 
51.85 52.35 52.85 
56.89 57.40 57.91 
61.99 62.51 63.01 
67.18 67.70 68.22 
72.42 72.95 73.48 



2.97 3.40 3.82 

7.22 7-65 8.07 

11.58 12.02 12.4 

15.98 16.42 16.86 

20.48 20.94 21.39 

25.03 25.49 25.94 

29.62 30.08 30.54 

34.25 34.72 35-18 

38.90 39.37 39.83 

43-59 44.06 44.53 

48.39 48.88 49.36 

53.35 53.85 54.35 

58.42 58.93 59.44 

63.52 64.03 64.54 

68.74 -69.26 69.78 

74.01 74.54 75.07 



The above table is reproduoed from The Beer Regulations, 1952 (SI 1952 No. 2232) .U.K. 



This is added to the gravity of the extract (z 1000) giving IOI9.7 ♦ 25*18 - 1044.9 
usually expressed in this way but may also be expressed as a specific gravity of I.O449. 

Essery and Hall (1956) describe a quick means of calculation. Light beers may have 
original gravities of around 1030-1 040 and very strong beers up to 1070 or 1080. 

Total solids may be calculated from the formula 

TS(# m/V)- 1000 (S.O. - l ) - 1.1 x# aeh 
3TB1 

or determined by drying 25 ml at 100°C to constant weight. 
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ETHANOL 



PRINCIPLE 

The sample is distilled and the specific gravity of the distillate measured, 
the proportion of alcohol being calculated from tables. 

APPARATUS 

1. Distillation flask with an efficient condenser, such as a 'revenue' or 
Vest condenser. 

2. Specific gravity bottle or pyonometer. 
PROCEDURE 

General note. The distillation must be carried out under conditions that do not 
incur loss of aloohol. For example, the American Society of Brewing Chemists method 
specifies that condenser water must be < 25°C and the receiving flask should be 
surrounded with ice or ice and water. All determinations of gravity are moot 
conveniently and accurately carried out at 20°C and therefore the volume of sample 
taken initially should be at 20°C but if this is impossible, temperature corrections 
must be made. It is essential that distillates be diluted to volume (or a multiple 
of it) at the same temperature as that at which the sample was measured initially. 

L. Spirits . 50 ml of sample is washed into a 100 ml distillation flask with not 
more than 5 nl of water, distilled and the distillate diluted to 50 ml. The specific 
gravity is determined. See RCAPS, 1970, 1974a. The specific gravity determined 
without distillation does not give seriously erroneous results for products such as 
vodka in which the total solid matter is small. The solid matter increases the gravity 
and therefore the aloohol percentage calculated from the speoifio gravity without 
distillation is lower than the true value. This difference between the apparent and 
true alcohol values is referred to as the 'obscuration'. Determine by dilution of the 
alcohol-free residue remaining from distillation to the original sample volume and 
determination of the specific gravity. Subtract 1 from the S.C. and subtract the 
result from the specific gravity of the sample (obtained without distillation). This 
gives a result corresponding to the true alcohol content. Instead of carrying out the 
determination, it is sometimes assumed that each 1 percent m/v of extract (total solids 
by drying to constant weight at 100°C) inoreases the specific gravity by 0.0041. 

In contrast to such pure spirits, some liqueurs Bay contain sufficient volatile 
matter other than aloohol to give an incorrect value. In cases of doubt, the specific 
gravity and refraotive index are compared and the distillate accepted aa of adequate 
purity if the values correspond to the same percentage of alcohol. If not, proceed by 
the method of the British Pharmacopoeia (1968). 

2. Wines . The 01? reference method requires that all flask and a 20 cm condenser 
should be used. The equipment ohosen must be oapable of giving 99*8 peroent reoovery of 
alcohol distilled from it. De-gas the wine if necessary by shaking in a flask of 
about twioe the volume of liquid. Measure 200 ml or other suitable volume into the 
distillation flask, rinsing the graduated flask with 4 x 5 ml water. Add 10 ml of 
a 12 percent suspension of calciumoxide . For very acid wines add extra lime suspension 
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until.. the wine becomes alkaline aa shown by phenolphthalein used as an external 
indicator. Add porous pot and distil into the flaBk in which the sample was measured 
after placing about 10 ml of water in the flask. Ensure that the outlet to the 
condenser is inserted well into the flask. Distil about three-quarters of the 
initial volume. Wash out the distillation flask, and return the distillate to it, 
rinsing with 4 x 5 ml of water as before. Add porous pot and 1 ml of 10 percent 
sulphurio acid and re-distil into the same volumetric flask containing about 10 ml 
of water. Dilute the distillate to the mark, ensuring that the temperature is within 
2°C of that at which the wine was measured initially. 

3. Beer . De-carbonate by pouring from one beaker to another several times. Measure 
100 ml of beer and place in the distillation flask, rinsing the graduated flask with a 
total of 50 ml of water used in several portions. Distil 96 ml at a uniform rate in 
30-60 minutes. Dilute to volume, mix well and determine the specific gravity. 

4. Determination of Specifio Gravity of the Distillate 

Weigh an empty specific gravity bottle or pycnometer, fill to the mark with 
distillate avoiding inclusion of air and carefully wiping the outside of the bottle 
if necessary, and weigh. Adjust the temperature to 20 C and ensure that the bottle 
or pyonometer is exactly full or at the graduation me.rk at that temperature, or adjust 
to the mark and determine the temperature. Replace the distillate with water and weigh, 
adjusting the temperature or determining it as for the distillate. 

(a) If both distillate and water were measured at the same temperature 

Apparent ^s.G. - weight of volume of distillate 
weight of equal volume of water 

The peroentage of alcohol V/v, m/m or m/v at 20°C from determinations carried out 
at 20 C may be calculated from tables such as that of the American Society of Brewing 
Chemists. If it is desired to calculate the percentage V/V at 15.56°C (60°P), AOAC 
table 52-003 may be used. U.K. Customs and Excise Tables relate values at 20°C to those 
at 15.5°C. The OIV tables enable determinations at other temperatures to be calculated 
to 20°C and those of the AOAC enable determinations at other temperatures to be 
calculated to 15.56°C. 

It is generally desirable to carry out the determinations with the temperature 
of the distillate and of the water at the same temperature. If this is not done, the 
apparent speoific gravity of the water may be adjusted to the temperature at which the 
distillate was weighed, according to table D. 

e.g. weight of gravity bottle - 49. 0000 g 

weight of gravity bottle + distillate at 18°C - 100.4320 g 

weight of distillate at l8°C - 51.4320 g 

weight of gravity bottle + water at 22°C - 101.3330 g 

weight of water at 22°C - 52.3330 g 

density of water at 22°C - O.9978OI 

density of water at 18°C - 0. 998625 

water required to fill gravity bottle at l8°C would weigh 

52.3330 x 0.998625 - 52.3762 
0-997801 

apparent specific gravity of distillate at 18 C - 51.4320 

52.3762 

- 0.9820 

alcohol f V/V at 20°C (OIV tables) - 12.70 
17 "Apparent" because no correction for buoyancy has been made 



Copyrighted material 



- 335 - 



TAHI.K D» 



Penalty of Water at Various Tetaperatures 





r> f! /Ml 


3 




A 

4 


1 . 000000 

X • v www 


e 
J 


O.QQQQQ9 
^•77777' 


c 

0 


u »99990 0 


•T 
f 


U *77773 <J 


a 

0 


u, 999° i ( 


a 
7 


n QQQ AfVQ 


1U 


u, 777 I *° 


AX 




1 9 


v »777P«.o 


J- J 






u *779« 1 3 


-I c 


0 QQQ 1 9Q 


±o 


u «99o9 ( 2 


if 


0.990004 


i ft 
1 o 


n QOft£9^ 
u, 77°«'-!) 


•1-7 


0 QQflX it; 


CM 




91 


0 QQftr»99 


EC 


O.QQ7ftni 


9^ 
'J 


u, 77 1 ?0>" 


9v» 


0 OQ7197 
u «77 l3c( 


oc 
2? 


u «99 |0(5 


9£ 


w »99° 0i 4 


97 


u «97°!>44 


9ft 

CO 


u, 77 0 «-04 


9Q 


■ 77 27 ' ^ 


3U 


n OQ«s<7A 


3i 


u «7753 ( « 


l 9 

3<: 


u. 99 5057 


33 


u «994 1 M 


i/ 


0 QO/Mf>1 
U «7744UJ 


35 


U, 774<J0 J 


36 


u «993716 


37 


°«993360 


3o 


u. 992997 


39 


y»992626 


A f\ 

40 


0.992247 


41 


0.991861 


A A 

42 


0.991467 


43 


O.99IO67 


44 


0.990659 


45 


0.990244 


46 
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0.988957 


49 


0.988515 


50 


0.9 88066 
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O.9876IO 
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O.987I48 


53 


O.98668O 


54 


O.986205 


55 


0.985723 


56 


O.985236 



From table by O.S.Kell 
in 'Handbook of Cheniatry 
and Panics' 49th edition 
p. F-5 
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This may be converted, if desired, to percent V/V at 15»56 C by use of AOAC 
52.003 or U.K. Customs and Excise Tables or other suitable tables. British proof 
spirit (lOOjt) has a specific gravity of O.91976 at 60°/60°P and O.91702 at 
20°/20°C and contains 49. 276* m/m of ethanol (57.155* V/V). 



017 Beoeuil des Methodee d' Analyse, A2, Titre Alcoometrique, Methode de Reference. 
The OIV also recommends routine methods using hydrometry, refractometry , etc 



AOAC 12th Edition (1975) 

Methods of analysis of the American Sooiety of Brewing Chemists 

Research Committee on the Analysis of Potable Spirits (RCAPS) JAPA 1970 8 81 
1972, 10 49, 1974 12 40, 45 

Bee H.M. 1970 JAPA 8 97 

Customs and Excise Spirit tables, U.K. 



One degree Qay-Lussac corresponds to one litre of ethanol in 100 litres of wine, 
both measured at 15 C. The International degree (Convention Internationale, 1957) 
is the percentage by volume expressed at 20°C Jaulmea and Marignan (1953) showed 
that there was no simple relation between the two and suggested uss of the following 
tablet 

Orado aloolico Urtwio Grado alcolioo Orado 

legale (I884) aloolico Differenze legale (1884) alcolioo Difference 

15/15 20/20 20/20-15/15 15/15 20/20 20/20-15/15 



6 


6.03 


0.03 


7 


7.03 


0.03 


8 


8.04 


0.04 


9 


9.O4 


O.04 


10 


10.04 


0.04 


11 


11.05 


0.05 


12 


12.05 


0.05 


13 


13.05 


0.05 


14 


14.06 


0.06 


15 


15. 06 


0.06 


16 


16.06 


0.06 


17 


17.07 


0.07 



18 


18.07 


0.07 


19 


19.07 


0.07 


20 


20.07 


0.07 


21 


21.08 


0.08 


25 


25.08 


0.08 


30 


30.09 


0.09 


40 


40.08 


0.08 


50 


50.07 


0.07 


60 


60. 07 


0.07 


70 


70.06 


0.06 


80 


80.05 


0.05 


90 


90.03 


0.03 



Jaulmes, P. and Marignan B. Ann. Falsif. Praudes 1953 4jS 336 
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METHANOL 

PRINCIPLE 

Methanol is oxidised to formaldehyde and the colour developed by the latter with 
chronotropic acid is measured at 570 nm. 

APPARATUS 

1. Spectrophotometer 
REAGENTS 

1. Chronotropic acid, 4, 5-dihydroxy-naphthalene -2,7-disulphonio acid, or the 
disodium salt. If it is necessary to purify it, dissolve lOg of aoid or salt in 
25 ml water, adding 2 ml of concentrated sulphuric acid in the latter case, add 

50 ml of methanol, boil and filter. Add 100 ml iBopropanol, allow to cool and filter 
off the crystals. 

Dissolve 0.05 g chronotropic acid or salt in 35 »1 water, oool to 0°C and 
slowly with stirring add 75 <al of sulphuric acid. Prepare fresh. 

2. Standard methanol, 0.05 percent in 5 percent V/v ethanol in water. 

3. Phosphoric aoid, 50 percent m/V. 

4. Potassium permanganate 5 percent m/V. 

5. Sodium sulphite 2 percent, m/V, Check the Btrength by titration with 
standard iodine solution. 

PROCEDURE 

Dilute the distillate from the determination of ethanol so that it contains 
5 percent ethanol. To 0.5 ml of diluted distillate in a test-tube add 1 drop of 
phosphoric acid 50 percent, and two drops of potassium permanganate 5 percent and 
shake and leave to stand 10 minutes. Decolourize the potassium permanganate with 
sodium sulphite solution, avoiding an excess. Add 5 ml of 0.05 percent chrono- 
tropic acid solution and leave 20 minutes at 70°C. 

In a series of 50 ml flasks add 2.5,5,10,15,20 and 25 nl of the standard 
methanol solution, 0.05 percent. Dilute to 50 ml with 5 percent V/V ethanol in 
water. These solutions contain 0.025, O.05 etc. g methanol per litre. Treat 
0.5 nl of each as for the sample. Determine the absorbanoe at 570 nm using the 
solution prepared from 0.5 ml of 5 percent, V/V ethanol in water as a blank. 

CALCULATION 

Prom a standard curve, calculate the g of methanol per litre of distillate 
diluted to 5 percent. 

g/l of methanol in sample - g/l in 5 percent distillate x j> ethanol in sample 



REFERENCE 

OIV Routine method. The reference method uses OLC 
AOAC 12th Edition 1975 
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HIGHER 
ALCOHOLS 



PRINCIPLE 

The sample is distilled after adjustment of the ethanol level to 40 percent. The 
higher alcohols are reacted with 4-hydroxybenzaldehyde-3- 8 ulphonic acid in the preaenoe 
of sulphuric acid (the Komarowsky reaction) and the colour compared with standards. 

APPARATUS 

1. Distillation apparatus 

2. Spectrophotometer 
REAGENTS 

1. Sodium 4-hydroxybenzaldehyde-3-sulphonate, 4 percent m/V in water 

2. Mixed pentanols. Isoamylaloohol, AR or equivalent (mainly 3-methylbutan-l-ol) 

3. Standard higher alcohol solutions 

4. Prepare the following mixtures: 

7.5 »1 of 2-methylpropan-l-ol and 2.5 ml of mixed pentanols 
5.0 ml of 2-methylprop*n-l-ol and 5-0 ml of mixed pentanols 
2.5 »1 of 2-netbylpropan-l-ol and 7-5 »1 Of mixed pentanols 

From each of these foregoing mixtures, and also from 2-methylpropan-l-ol and 
from mixed pentanols prepare solutions of 5 g of (total) higher alcohols in 100 ml 
of 40 peroent V/V aqueous ethanol. 

Further dilute each of the five solutions so obtained with 40 percent V/V aqueous 
ethanol to give five sets of dilute standard solutions of (total) higher aloohols, each 
set containing 25, 50, 75, 125 and 250 g of (total) higher alcohols per 100 litres of 
solution. 

PROCEDURE 

Preparation of Sample. If necessary, dilute the sample with water or ethanol to 
an ethanol concentration of 40 percent + 1% V/V. To 50 »1 of the diluted sample add 
about 20 ml of water and distil. Collect at least 47 ml in a 50-ml flask, mix, dilute 
to volume with water and mix well. 

Blank Test and Calibration Curves. Transfer 0.10 ml of each dilute standard of a 
set, and also of a 40 percent V/V aqueous ethanol solution as a blank, to a series of 
six 10-ml volumetric flasks (see Rote 4) and then add in orderi 

0.20 ml of sodium 4-hydroxybenzaldehyde-3-sulphonate solution 

2.0 ml of concentrated sulphuric acid. Mix by swirling 
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Place the flasks in a oold water bath and heat the water to boiling. Boil for 
30 minutes. Remove the flasks and allow them to cool. Make the volume to 10 ml with 
ooncentrated sulphuric acid. Mix well. Measure the absorbanoe at 445 nm and at 560 nm, 
using the blank as a reference (see Note 3). Repeat for each of the other four sets of 
dilute standards (see Note 4). Plot absorbanoe at 445 nm against the higher alcohol 
concentration for each set, to give a group of five straight calibration lines. Measure 
the slopes of the lines as grains of higher alcohols per 100 litres of solution per unit 
of absorbanoe. Determine the average ratio of absorbanoe at 560 nm to absorbanoe at 
445 nm for each set of standards. Plot the slopes against the absorbanoe ratios. 

Estimation of Total Higher Alcohols in the Sample. Proceed as in the 'blank test' 
using duplicate 0.10-ml aliquots of prepared sample and of any one of the 25 dilute 
standard higher alcohol mixtures. Use 0.10 ml of 40 percent V/V aqueous ethanol solution 
as the blank. Calculate the average of the results of each pair of measurements. 

CALCULATION OP RESULTS 

Let A - absorbanoe at 445 nm of the prepared sample 
B - abeorbanoe at 560 nm of the prepared sample 

P - absorbanoe at 445 nm of the standard when measured at the same time as the 
prepared sample 

R - absorbanoe at 445 nm of the standard when measured at the time the standard 
lines were established 

1. Calculate the ratio B/a and from the plot of the slopes in the "blank test" find 
the slope corresponding. Let this slope be S. 

2. The higher alcohol content of the sample, H, iB given by H - 2.5 (SAR/P) grams 
per 100 litre of ethanol in the sample. 

If the original sample contains V# v/v of ethanol, where V is less than 40, and 
ethanol has been added to raise the strength, then H - 100 (SAR/VP) grams per 100 litres 
of ethanol in the sample. 

Special cases . For some products the proportion of 2-methylpropan-l-ol in the higher 
alcohols is fairly constant and can be matched by a single set of standards, i.e. the 
slope, S, can be taken always to be the same. Typical ratioB of pentanols to 
2-methylpropan-l-ol are: malt whisky, 1 .7 :1 1 blended whisky, ltl| rum 3«lj 
cognac brandy 2.6>1. 

NOTES 1 

1. Curved calibration lines may be obtained with filter instruments having a large 
band width. 

2. A satisfactory grade of ethanol is one which gives no perceptible colour when 
tested aooording to the procedure for Estimation of Higher Alcohols in Potable Spirits 
(Colorimetric Method - for highly rectified spirits) (Method D - RCAPS 1970.) 

3. Cells with a 10 ram light path are satisfactory for measurements at 445 nm. The 
optical density at 560 nm may be much higher and cells with a light path of 2 mm may 
be neoeesary. 

4. Any other convenient number of standards may be handled at one time. 
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REFERENCE 

Research Committee on the Analysis of Potable Spirits (RCAPS) 

JAPA 1970 8 81. The RCAPS reports also give 4 GLC methods. The AOAC (1975) 
determines "fusel oil" colorimetrically with dioethylaminobenzaldehyde and 
"higher alcohols" by a GLC method although the two terms are essentially 
synonymous . 
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ACIDITY 

PRINCIPLE 

Titration with alkali, detecting the end-point potentionetrically or using 
phenolphthalein or bromothymol blue. 

APPARATUS 

1. Steam-distillation apparatus 
REAGENTS 

1. Sodium hydroxide, 0.1M. 

2. Bromothymol blue, 0.1 percent in neutral etbanol 

3. Phenolphthalein, 0.1 percent in 60 percent neutral aqueous ethanol 
PROCEDURE 

1. Total Acidity 

(a) Spirits. Dilute eix-fold with water adjusted to pH 7.8 and titrate to 
pH 7.8. Calculate as both acetic and tartaric acids. It is preferable to use a 
pH meter, otherwise bromothymol blue. 

(b) Vines. Boil 25 ml under reflux for 20 minutes to expel C0£. Wash down 
the condenser with water and titrate to pH 7*8. Calculate as milliequivalents/l or 
as tartaric acid. 

(o) Beer. Dilute with water and titrate potentiometricaily or to 
phenolphthalein. 

2. Fixed Acidity 

(a) Spirits. Evaporate 50 ml on a water-bath for 30 minutes after 
evaporation is complete. Add 50 ml water (at pH 7-8), stir and titrate. Calculate 
as tartaric aoid. 

(b) Wines. Calculate by difference, Total-Volatile, as tartaric acid or as 
milliequivalents/l. 

(c) Beer. Evaporate 20 ml to dryness, add water, evanporate and repeat this 
process 3 or 4 tinea. Add water and titrate with 0.1M alkali to phenolphthalein. 
Calculate as lactic and as acetic acids. 

3. Volatile acidity 

(a) Spirits. Calculate ae g acetic aoid/lOO 1 of alcohol in sample from 

1200 (Vi-V 2 ) 
S 

where 3 - % V/V ethanol in the sample, V x and V g are ml of 0.1M alkali 
required to neutralize total or fixed acidity respectively. 
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(b) Winee. Boil 50 nl of sample under reflux for 20 minutes, wash down the 
oondenser with water and steam distil. Adjust the heat so that the volume in the 
distillation flask is about 25 ml and collect at least 200 ml of distillate. Titrate 
to phenolphthalein and calculate as milliequivalents per litre or as acetic and 
tartaric acid. 

(o) Beer. Calculate as acetic acid from Total -Fixed. 

REFERENCES 

EEC Regulation 1539/71, Annex 

OIV Receuil des Kathodes Internationales d' Analyse des Vins 
AOAC 12th Ed. 1975 



Where methods in this chapter are stated to follow OIV procedures, the 
description of details of the procedure is not to be considered an official 
translation from the French. The original French text should be referred to 
for the definitive text of 01V recommended methods. 

Technisohe Bestimmungen zu den AusfCihrungsbestimmungen zum Gesetz flber das 
Branntweinaonopel , 1958 

Bundesmonopolamt f£fr Branntwein 
Wilhelm Stollfuss Verlag Bonn 

Weinanalytik 1974, Untersuchung von Vein und Xhnlichen alkoholischen 
Erzeugnissen sowie von FruchtsSften nach der Allgemeinen Verwaltungsvorschrift 
und den Vorsohriften des International en Amtes fu*r Rebe und Wein 

Carl Heymanns Verlag KG 
KiJln-Berl in-Bonn-MGnchen 

Recueil des Me"thodes Internationales d' Analyse des Vins, Office International 
de la Vigne et du Vin, 11 rue Roquepine 75, Paris 8* 

Standard Methods of Whisky Analysis, Scotoh Whisky Association, U.K. 

Hart, F.L. and Fisher, K.J. Modern *ood Analysis, Springer-Verlag 1971 

Customs and Excise Spirit Tables, U.K. 

Bee, H.M. 1970 JAPA 8 97 

Research Comm. on the Analysis of Potable Spirits (RCAPS) JAPA 1970 8 81, 1972 
10 49 1974 12 40,45 

Analyse et Controle des Vins, Rib*rean-Sayan J. and Peynaud, E. 

Hudson, J.R. I960 Development of Brewing Analysis - A Historical Review, 
London, Institute of Brewing 

Inst, of Brewing Analysis Comm. 1971. J. of the Inst, of Brewing 21 181-226 
European Brewery Convention 
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Methods of Analysis of the American Society of Brewing Chemists 
3340 Pilot K. St. Paul, Minnesota 55121, US*. 

Bestimmung der hSheren Ester in Bum 

Bundesmonopolvemaltung ftfr Branntwein, Offenbach/Main 

Die Alkohol-Industrie, Team-Verlag, Helmut MCUler OmbH & Co. KO 
Rossertetrasse 9» D-6O0O Frankfurt 1 

Die Branntweimiirtschaft, Vereuchs- und Lehranstalt 

fur Spiritusfabrikation und Fermentationstechnologie, Seestrasse 13 

D-1000 Berlin 65 

Ghana Standard on Alcoholio Beverages, National Standard Board 
P.O. Box M235, Aocra, Ghana - OS - F 20 - 1970 

Methodea Offioiellee d' Analyse des Alcools et Eaux-de-Vie, 2/10/197 
Journal Offioiel de la Republique Francaise 

Beer deposits. A laboratory guide and pictorial atlas for the study 
of the various particles found in the deposits of beer and ale. (Book) 
Glenister, P.R. 114 PP (1975) (72 ref. En) Chicago, Illinois, USA 
Miles Laboratories Inc. Price $25 J.E. 

Brewing Industry Research Foundation 

Lyttel Hall, Nutfield, Redhill, Surrey, U.K. 

Food Standards Committee Report on Beer, HMSO, 1977 

AOAC 52-003 
52-004 
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C.8 BEVERAGES - NON-ALCOHOLIC 



TEA 

The leaves of Camellia Thea, Link. (H.O. Temstroemiaceae ). 

The upper epidermis is composed of eel 1b with undulating walls and covered with 
a rather thick cuticle. The lower epidermis consists of smaller oells and is alone 
provided with atomata} the latter are surrounded by three or four tangentially elon- 
gated cells. 

Simple hairs occur on both surfaces of the leaf, but they are more abundant 
on the lower} the number, however, varies with the variety of tea, and with the age 
of the leaf} they are unicellular, tapering and rather thick walled, varying very 
much in length, but often attaining 500-700p. 

The raesophyll is heterogeneous and asymmetrical. It is characterized by the 
presence of a large number of Bclerenchymatous idioblasts. These are more or less 
branched and warty and often extend transversely from the upper to the lower epidermis. 
They vary very muoh in shape and in the thickness of the walls. The oells of the 
spongy parenchyma contain cluster crystals of calcium oxalate. 

The midrib is biconvex. Under each epidermis there ie a layer of collenchyma 
of varying thickness. The wood is arched and the bast contains crystals of calcium 
oxalate. The meristele iB surrounded by a pericycle consisting of slightly lignified 
oells arranged in circle. The cortioal tissue contains idioblasts which are usually 
rather larger and more branched than those of the meeophyll. 

The little fragments of the stems, which are often to be found in ordinary tea, 
have a slightly different struoture. The wood in them forms a circle within which 
there is a pith containing branched idioblasts; these have comparatively thin, 
pitted walls. 

The diagnostic characters of powdered tea aret- 

(a) The characteristic hairs. 

(b) The Bclerenchymatous idioblasts, especially in petiole and midrib. 

(c) The stoma ta surrounded by tangentially elongated cells. 

(d) The calcium oxalate in cluster orystals. 
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Tea (Black tea) 

Tea, as commonly sold, is the dried cured leaves, buds and tender stems of 
Camellia sinensis and related species. Green tea (China tea) is derived from the 
same species but has been roasted before being rolled. The enzymatic and oxidative 
changes are therefore less extensive and the leaf retains a more delicate flavour 
and a lighter colour. 

Legal standards for tea from a few countries are as followsi 



Canada Australia Switzerland USA Iraq 



Total ash (*) 8 (max) 

Water-soluble ash (£) 2.75 (min) 

Extractives (<f>) 30 (min) 
Stalks ($) 
Caffeine [%) 



4-7 5-7.5 

3 (min) 

30 (min) 30 (min) 

22 (max) 10 (max) 

1.0 (min) 



The most important determinations are a microscopical examination, moisture, 
water-soluble extractive, filth test and the proportion of stalks. Samples 
containing over 11$ moisture may have attracted mould growth. If an infusion of the 
tea smells musty it may be examined for mould with a hand-lens or binocular microscope 
and tested for mycotoxins if tentative or positive identification of the mould 
suggests this is warranted. 

The total ash and acid-insoluble ash are useful indications of the presence 
of any extraneous mineral matter. This is confirmed by the test for heavy filth. 

A low water-soluble ash and alkalinity of it indicate the presence of spent 
leaves. These also yield low water-soluble extractive and low caffeine figures. 
Unless the presence of spent leaves is suggested by the extractive and ash values, 
the determination of caffeine is not particularly valuable in routine testing. 

Although tea-chests are now lined with aluminium, not lead, the lead content of 
tea can occasionally be higher than desirable. It is therefore important to test for 
this element, and also worthwhile to examine for copper and arsenic 

At one time Prussian blue was added to green tea to improve its appearance* 
The presence of other added colour would probably be suspected by the appearance of 
a cold-water infusion, and the sample could be examined as detailed under "Colours". 

Tea may be examined for filth by the general tests for herbs and spices. 

ISO 1572-1975 requires that a Bample be ground to pass a 0.5mm sieve prior to 
moisture determination. 
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For the moioture determination, take 5g and dry at 103 C for 5 hours. Good quality 
teas usually contain less than 7 percent moisture. 

The ash, water— soluble ash, acid-insoluble ash and the alkalinity of the ash are 
determined by the standard methods (see "Proximate analysis"). The usual ranges for 
black tea are given in the following tablet (all results expressed as i> of original 
sample) - 







Black Tea 


Spent Bla 


Total ash 




4.9-6.5 




Water-soluble ash 




3.0 - 4.2 


^1 


Aoid insoluble ash 




0.1 - 0.4 




Alkalinity of soluble at 


»h (as KgO) 


1.2 - 2.0 


<0.3 



The figures for green tea are substantially similar. The ash should be 
determined by heating to as low a temperature as possible for ashing so that the 
colour of it is grey or brown, not green because of excessive oxidation. A green 
ash usually gives rise to a pink filtrate on extracting with water, and makes it 
diffioult to see the end-point when titrating the alkalinity. Either titrate to 
pH 3.7 using a pH meter, use soreened indicator, or evaporate the extract/ash mixture 
until the pink colour (due to manganese compounds) is no longer produced, before 
diluting to about 25mls, boiling and filtering. 
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MICROSCOPICAL EXAMINATION 
OP TEA 

PRINCIPLE 

The tea is cleared with chloral hydrate and bleached with hypochlorite before 
examination. 

APPARATUS 

1. Microscope and lamp. 
REAGENTS 

1. Chloral hydrate. Dissolve 7gms in 5ml water. 

2. Sodium hypochlorite solution, 5 peroent. If only bleaching powder is available 
prepare as follows. Dissolve 75g of crystalline sodium carbonate in 125ml of distilled 
water; rub down 50g of ohlorinated lime in a mortar with 375ml of distilled water, 
added a little at a time. Mix the two fluids and shake occasionally during three 

or four hours} filter. 

3. Phlorogluoinol. 1 peroent in 90 peroent ethanol. 

4. Concentrated hydrochloric acid solution. 
PROCEDURE 

Allow the leaver to remain in chloral hydrate solution for several hours. 
Pour off the chloral hydrate and replace with hypochlorite solution. Once the leaves 
are adequately bleached, replace the bleaching solution with phlorogluoinol solution. 
Allow this to become nearly dry by evaporation, then add a drop of concentrated 
hydrochloric acid. The schlerenchymatous matter of which the hairs and the idioblasts 
largely consist is stained pink. Mount and examine under low power. Apart from the 
two elements mentioned, note the stomata and calcium oxalate. Cheok that there are no 
elements prenent that are not characteristic of tea. 



I 
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EXTRACTIVES FROM TEA 

PRINCIPLE 

A known weight of dried tea ie boiled with water and an aliquot of the extract 
is evaporated and the residue weighed. The result is expressed as a percentage of the 
dried tea, 

APPARATUS 

1. Metal dish, flat-bottom. 

2. 250ml round-bottom flask and reflux condenser. 

3. 250ml volumetric flask. 

4. Metal evaporating dish, round-bottom. 

5. Waterbath. 

6. Oven. 
PROCEDURE 

Dry approximately 2g tea, accurately weighed, in the oven in a tared flat-bottom 
dish for 5 hours at 100°C. Remove the dish from the oven, cool and weigh. Caloulate 
the weight of tea taken for the test. 

Transfer the dried tea to a 250ml round-bottom flask, add 100ml distilled water, 
and reflux for one hour. Filter into a 250ml graduated flask. Return the filter 
paper with the residue in it to the reflux flask, add a further 100ml water and reflux 
for a further hour. Filter into the volumetrio flask, rinse the reflux flask with hot 
water and pass the rinsings through the filter. Hash the filter with hot water until 
the volumetric flask is filled nearly to the mark. Cool, dilute to 250ml, mix and 
pipette 50ml into a weighed metal evaporating dish. Evaporate the solution on a 
waterbath, and finally dry in the oven. Cool and weigh. 

CALCULATION 

# Water-soluble extractives - weight of residue x ^P. x — Q - f | 1 ^ ied tea 
INTERPRETATION 

Manley, C.H.* found black tea to contain 25. 5-46. 4# extractives and green teas 
29.6-41.4$. Several countries have a legal limit of 30$. Spent tea leaves, i.e. those 
that have been infused, dried and re-used give values of less than 10 percent. 



« JAPA ± 101 (1965) 

I 
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STALK IN TEA 



The sample is boiled with water, spread out and the stalk separated by use of 
forceps. The stalks and leaf fractions are dried separately and weighed. 

PROCEDURE 

Boil 5e of the sample with 500ml of water for 15 minutes. Pour into a basin 
or other suitable receptacle with a white interior and pick out the stalks with the 
aid of tweezers or forceps. Take care not to confuse stalk with leaf midrib, or 
leaf fragments that have remained rolled. Use of a hand-lens will enable foreign 
material to be detected and examined separately. Dry stalk and leaf portions 
separately for 5 hours at 100°C and weigh. 

CALCULATION 

weight of dried stalk x 100 
rtircent stalk - ^ of dried jgjjg - J£ of dried leaf 

INTERPRETATION 

Over 25 percent may be regarded ae excessive but eome countries have 
considerably lower limits (see table). 

Crude fibre is also an index of stalk. While usual tea with its normal quota 
of stalks has a fibre content of around 10 percent, and regulatory limit is usually 
15 percent (max. ) on dry weight basis, stalky tea contains much more and hard Btalks 
are up to 60 percent of crude fibre. 
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CAFFEINE IN TEA 

PRINCIPIE 

The caffeine is extracted with ethanol, the ethanol removed, the residue taken 
up in water and extracted into chloroform. The chloroform is evaporated and the 
residue weighed. 

APPARATUS 

1. Soxhlet extraction apparatus or equivalent. 



2. 
BEA 


Separator, 500ml. 
3ENTS 


1. 


Ethanol, absolute. 


2. 


Magnesium oxide, heavy. 


3. 


Sulphuric aoid, 10$ V/V. 


4. 


Sulphuric aoid, 0.5# V/\T. 


5. 


Chloroform. 


6. 


Potassium hydroxide solution, 1& 


PROCEDURE 



Moisten lOg of sample, ground fine enough to pass a no. 30 (0.5mm) sieve, with 
ethanol in an extraction thimble. Transfer to a Soxhlet and extraot with ethanol 
eight hours. Completeness of extraction may be checked by using a fresh flask and 
fresh ethanol, extracting a further two hours, evaporating and checking that the 
residue is negligible. Transfer the ethanolic extraot with hot water to a porcelain 
dish containing lOg heavy magnesium oxide suspended in 100ml water. Evaporate slowly 
on the steam bath with frequent stirring to a dry, powdery mass. Rub the residue 
with a pestle into a paste with boiling water and transfer with hot water to a 
filter, oleaning the dish with a policeman. Collect the filtrate in a 1 litre 
conical flask marked at 250ml and wash with boiling water until the filtrate reaches 
the mark. Add 20ml of 10 percent sulphurio aoid and boil gently 30 minutes, with a 
funnel in the neck of the flask to reduce evaporation. Cool, filter through a 
moistened double paper into the separator and wash with small portions of 0.5 percent 
V/V sulphuric acid. Extract with 6 x 25ml of chloroform. Wash the combined 
chloroform extracts with 5ml of 1 percent potassium hydroxide solution. Filter the 
ohloroform into a tared flask ( 100ml is suitable). Wash the potassium hydroxide 
solution with 2 x 10ml chloroform, pour these through the filter paper and wash the 
filter paper with chloroform, filtering all of these washings into the flask 
containing the filtered chloroform extract. Evaporate or distil the chloroform on a 
steam-bath, evaporating the last 10-15ml oare fully to avoid loss of residue, dry 
30 minutes at 100°C and weigh. 

CALCUUTIOH 

Weight of caffeine x ~ - $ caffeine in sample 

Determine the nitrogen on the residue by Kjeldahl procedure 

V x 3.464 - oaffeine 
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The caffeine residue can also be dissolved in water, and the optical density 
measured at 274«ira, taking e}~ b - 525 for pure caffeine. 

TLC has been employed for detection and quantitative estimation of caffeine 
(Sengupta, P., A. Mondal, A.H. Sen and B.R. Roy, Internat. Flavour & Fd. Additives, 
6,340,1975). 

REFERENCE 

AOAC 10th Ed. (1965) 14.019, Power-Chestnut-Method. 



The following methods for the analysis of tea have been developed by ISOi 



1572 




1975 




Preparation of ground sample of known dry matter content 


1573 




1975 




Determination of loss in mase at 103°C 


1574 




1975 




Determination of water extraot 


1575 




1975 




Determination of total ash 


1576 




1975 




Determination of water-soluble ash and water-insoluble a 


1577 




1975 




Determination of acid-insoluble ash 


1578 




1975 




Determination of alkalinity of water-Boluble ash 


1839/1 




1975 




Sampling Part It Sampling from large oontainers 
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COFFEE 

Coffee is sold as the raw green bean or after roasting and grinding. Roasting 
produces carbon dioxide which may continue to be released after packaging so a swollen 
hermetically sealed container is usually not an indication of spoilage. "Prenoh coffee" 
is a mixture of coffee and chicory. "Viennese coffee" is a mixture of coffee and fig 
seasoning or flavouring. No other substanoes should be present in either product. 

Materials likely to be mixed with coffee generally have a higher proportion of 
soluble matter ("extractives"), (one exception is exhausted coffee from the preparation 
of instant powders). This determination, together with a microsoopical examination, 
are the most important tests. The moisture content of ground coffee should be less 
than 5 percent, determined by drying 5g a t 100°C to constant weight. Caffeine content 
usually lies between 0.9 and 1.8 percent, and may be determined by the two-column 
method. 

In addition to oicroscopioal examination, the presence of chicory may be shown 
simply by sprinkling the powder on to water in a measuring cylinder. Coffee floats 
while chicory particles start sinking within a few seconds, and leave behind a brown 
trail of caramel. The proportion of chicory is usually determined by the amount of 
extractives present. It is best to adhere to an exact procedure as the results vary 
somewhat with the method used. That of the European Decaf feination Association is as 
follows I 

Weigh lOg sample into 500ml erlenmeyer. Place a 20cm glass stirring rod into 
the flask, add 200ml water and weigh. Bring to boiling while stirring and boil 
exactly 5 minutes. Cool, reweigh, and add water to bring weight back to original. 
Filter, evaporate 25ml. Dry in air oven at 105°C and weigh the residue. Continue the 
drying until constant weight is obtained. 

Chicory contains inulin, which hydrolyses to laevulose. Coffee contains no 
inulin. The presence of chicory is shown by a positive reaction with Seliwanoff's 
reagent (0.05 percent resoroinol in 33 percent V/V hydrochloric acid). Clarify a 
2 percent aqueous extract of coffee with a little neutral lead acetate and filter. 
To 5ml of the clear filtrate add Jml of Seliwanoff reagent followed by 1ml of 
concentrated hydrochloric acid. Boil for one minute. A distinct red colour produced 
on standing shows the presence of chicory in coffee. 

Roasted cereals such as barley, oats and wheat and also soya and other products 
may be mixed with coffee or coffee and chicory as coffee substitutes. Careful 
microscopical examination will reveal the presence of these produots. 

Lopez (1974) examined a large number of samples of ground coffee and found 
coats, stems, roasted maize, sugar, soil, sand and spent coffee the commonest 
adulterants. Up to 10-12 percent of samples were rejected. Details of the methods 
of detection and estimation are given in the paper. 
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ANALYTICAL FIGURE (AS PERCENTAGE) OP HAW AUD ROASTED 



Raw Coffee 



Roasted Coffee 



AW) ROASTED CHICORY 

iDSt. 





min. 


JBSJC. 


aver. 


min. max. 


aver. 


mm. 


max. aver. 




Moisture 


8.2 13.8 


10,3 


n * 
<J. J 


5. o 


2.2 


2.5 


12.0 5.5 


3.98 


Total Ash 


3.0 


4.5 




J. h 


4 Q 


4. J 


4.0 


0.7 5.0 


11. 21 


Water- so luble ash 






2.9 


^ 0 


J. o 


j. 2 


1. o 


3.3 2.0 




Ditto (, as ^ or 
total ash) 








op 








- 5. 5 




Alky, of sol. ash 
(as K^CO^) 


- 


- 


- 


1.9 


3.2 


2.4 


- 


- 


- 


h n i ^ i nnrl nVil p ^ <a Vi 
AUXU. lUbuiuuxc aoU 

(as i of tot. ash) 












flgJ.. 








Crude fibre 








10.5 


15.3 


13.0 




- 6.9 


0.0 


Tannin 






9.0 






4.6 








Total nitrogen 






2.7 


2.1 


3.3 


2.6 




- 1.4 


2.24 


Caffeine 


1.1 


1.8 


1.3 


0.9 


1.8 


1.2 




T Hil 


3.4 


Starch 








0.9 


3.5 


2.3 




- 2.1 




Ether Extract 


11.4 


13.7 


12.2 


8.0 


14.2 


13.5 


0.9 


3.9 2.1 




Extractives of 


25 


34 




23 


33 


* 


70 


78 * 


100 



dry sample* 
Dextrose 
Maltose 



2.13 
4.44 



» Depends to some extent on extraction method (see discussion below). 



Low ash, nitrogen and caffeine in instant coffee could indicate the presence of 
added dextrin, maltose or dextrose. 

Coffee Extracts 

These should be analysed for moisture, caffeine, insoluble residue, sulphur 
dioxide and solvent residues. Moisture of dry coffee extracts is determined by 
drying at 70°C under a pressure of about 25mm of Hg. Liquid coffee extracts are 
dried at 70°C and about 100mm pressure of Hg for 16 hours. EEC discussion documents 
suggest the S chilling-Gall GLC method for solvent residues. Insoluble matter may 
be determined by U.S. Federal Specification method HHH-C-57CC of IO/7/74. 
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CAFFEINE IN COFFEE 

Introduction 

The method described follows the Levine method. It has been choeen from amongst 
numerous methods, studied comparatively for general applicability, reproducibility, 
specific! ty, ease of application and rapidity. The method is sensitive to distur- 
bances and small variations while the analysis iB proceeding. 

1. Scope 

This text describes the method of caffeine determination in ooffee. 

2. Field of Application 

This method applies to green coffee, decaffeinated green coffee, roasted coffee, 
decaffeinated roasted coffee, extracts of coffee, both dried and liquid and de- 
caffeinated extracts. The lower limit of detection is 0.02^6 caffeine. 

3. Principle 

Extraction of the caffeine from the sample, in an ammoniacal medium. Successive 
purification, with diethyl ether, on two chromatographic columns, the first in an 
alkaline medium, the second in an aoid medium, followed by elution of the caffeine by 
ohlo ro form. 

Spectophotoraetrio estimation in the ultra-violet range. 

4. Re age nta 

The reagents used shall be of analytical quality. The water used shall be 
distilled water or water of equivalent quality. 

4.1. Sulphuric aoid solution. 

4.2. Sodium hydroxide, 2M solution. 

4.3. Oelite 545. 

4.4. Ammonia solution (l volume of ammonia approximately p20 - 0.9 g/ral + 2 volumes of 
water). * 

■ 

4.5. Diethyl ether, repurified by chromatography on a column of basic aluminium oxide 
of activity grade 1. Pass 800ml of diethyl ether through a column filled with 
lOOg of aluminium oxide. The diethyl ether thus purified should be kBpt in a 
dark bottle until used. 

4.6. Caffeine, pure, anhydrous, CgH^N^. 

4.7. Chloroform pure, repurified by chromatography according to the method described 
in olause 4.5. 



Copyrighted material 



- 355 - 



5. Apparatus 

5.1. Chromatographic columns, 250mm long, 21-25mm interior diameter, with stopcocks. 

5.2. Ultra-violet spectrophotometer. 

5.3. Quarts calls with 10am light path. 

5.4. Usual laboratory equipment, including 

5.4.1. Beaksr, 100ml, 

5.4.2. Boiling water bath, 

5.4.3. One-mark volumetric flasks 50ml, 100ml and 1000ml, 

5.4.4. One-mark pipetteB, 2 and 5ml, 

5.4.5. Analytical Balance. 

5.5. Usual coffee mill for roasted coffee beans. 

5.6. Toothed disk mill with cooling jacket or analytical mill with sparecutter 
and cooling jacket or similar mill for green coffee beans. 

5.7. Sieve, woven wire cloth or perforated plates, aperture size 600 microns 
or 630 microns. 

6. Sampling 

Be sure to obtain a representative sample. 

7. Procedure 

7.1. Preparation of Sample 

If necessary, mill the sample until it passes a sieve of 600 or 630 y. aperture 
size. (See ISO Recommendation R 565 - Woven wire cloth and perforated plates in test 
sieves. Nominal sizes of apertures). A part of the sample thus prepared shall be 
taken for the determination of dry matter. 

7.2. Test portion 

7.2.1. Green coffee and roasted coffee 

Weigh, to the nearest 0,lmg, about lg of the pulverised sample, prepared as 
described in clause 7.1. Transfer it into a 100ml beaker (5.4.1.), add 5"1 of 
ammonia solution (4.4.) and warm for two minutes on the boiling water bath (5.4.2.) 
Allow to cool, then transfer to a 100ml volumetric flask (5.4.3.) and adjust to the 
volume with distilled water. Take %Qm\ of this turbid solution, add 6g of Celite 
(4.3) and mix carefully. 

7.2.2. Decaffeinated green coffee and roasted coffee 

Weigh, to the nearest 0,lmg, about lg of the pulverised sample, prepared as 
described in clause 7.1. Transfer to a 100ml beaker (5.4.1.), add 5ml of ammonia 
solution (4.4.) and warm for 2 minutes on the boiling water bath (5.4.2.). Add 6g of 
Celite and mix carefully. 
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7.2.3. Dried coffee extract 

Prooeed aooording to clause 7.2.1., but using a teBt portion of 0 # 5g. 

7.2.4. Liquid ooffee extract 

Proceed according to clause 7.2.1., but using a test portion of 1 to 2 # 5g and 
an aliquot portion of the turbid solution of 2ml and 3g of Celite. 

7.2.5. Deoaffeinated coffee extraot 

Proceed according to clause 7.2.2., but using a test portion of 0,5g. 
7.3. Determination 

7.3.1. Pilling of columns 

7.3.1.1. Column 1 (alkaline column ) 

Layer ▲. Mix carefully, by kneading with a flexible spatula blade, 
3g of Celite (4.3) and 2ml of sodium hydroxide solution 
(4.2.), until homogeneous. A slightly wet powder is obtained. 
Transfer this powder, in portions, into a chromatographic 
column (5.1.), the lower part of whioh is paoked with a wad 
of cotton wool or glass wool. Tamp down the mixture, without 
force, with a glassrod, one end of which is flattened to the 
diameter of the column until a perfectly homogeneous and 
compact layer is obtained, A small wad of ootton or glass 
wool can then be placed on the top of layer A. 

Layer B. Transfer the Celite sample mixture (7.2.) to the column 

upon layer A. Dry the beaker with about lg of Celite (4.3.), 
using it twice. Tamp down to obtain a homogeneous mass and 
plaoe a wad of cotton or glass wool on the top layer B. 

7.3.1.2. Column II (acid column) 

Plaoe in a second oolumn, the lower part of which is paoked with a small wad 
of ootton wool or glass wool, 2g of Celite (4.3.) and 2ml of sulphurio aoid solution 
(4.1.) oarefully mixing as directed in clause 7.3.1.1. Place a wad of ootton wool or 
glass wool on the top of the layer to prevent erosion. 

7.3.2. Chromatography 

Mount the column one above the other so that the effluent of column 1 can drip 
directly on to column II. Pass 150ml of diethyl ether (4.5.) through the two columns. 
Keep open the stopcock in column I. Adjust the stopcock of column II so that a 
quantity of supernatant liquid remains above the layer. Remove column I. Pass 50ml 
of diethyl ether (4.5.) through column II, using the initial portion to wash the tip 
of oolumn I. Use this portion also for column II. Discard the effluent from 
column II. 

(N.B. Discarded diethyl ether can be used again after shaking with ferrous sulphate). 

Pass a stream of air, from the top to the lower part of column II (e.g. using an 
inflated rubber blower), until no more diethyl ether drips from the column, and the air 
flow from the stopcock carries only a weak smell of diethyl ether. Elute column II wit] 
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45-50«l of chloroform (4.7.). Collect the eluate in a 50ml volumetric flask (5.4.3.) 
adjust to the volume with chloroform (4.7.) and. mix carefully. Plow rate of diethyl 
ether and chloroform should not exceed l # 5-2nl per minute. 

7.3.3. Spectrophotometric measurement 

7.3.3.1. Measure the absorption of the solution of caffeine in ohloroform in the 
quarts cells (5.3.) against chloroform at 276nm (absorption maximum). 
Measure also the absorption at 246nm (absorption minimum) and at 306nm 

in order to verify the purity of the caffeine obtained. If the absorption 
at 276nm exoeeds 1,3) repeat the measurment with the diluted chloroform 
solution. In this case consider the dilution factor. 

7.3.3.2. Prepare a reference solution of oaffeine in the following manners 

Weigh to the nearest O f lmg, about lOOmg (20mg) of pure anhydrous caffeine 
(4.6.). Place in a 1000ml graduated flask (5.3.3.). Dissolve in 
chloroform, and adjust to the volume. With a graduated pipette, take 
5ml of this solution and adjust to a volume of 50ml with chloroform. 
Measure the absorption of this solution as described in 7.3.3.1. The 
corrected absorption of the reference solution should be in the region 
of 0,4. 

7.3.4. Carry out at least two determinations on the same prepared sample. 
8. Expression of results 

8. 1. Methods of calculation and formulae 

8.1.1. Green or roasted coffee 

The caffeine content, in grams per 100 grams of dry matter of the sample 
is equal toi 

SO x 10 6 x C x X 
5 x A x a x as 

where 

C is the concentration of oaffeine and the reference solution (7.3.3.2.), in grams 
per millilitre, 

X is the corrected absorption of the purified extraot (7.3.2.), that is absorption 
at 276na - 1/2 (absorption at 24611m + absorption at 306nm). 

1 is the corrected absorption of the reference solution of caffeine (7.3.3.2.). 
that iet absorption at 276nm - l/2 (absorption at 2461m - absorption at 306nn). 

m is the mass, in grams, of the test portion. 

ma is the content of dry matter, percentage by mass, of the sample. 

8.1.2. Deoaffeinated green coffee, decaffeinated roasted coffee and decaffeinated 
extracts 

The oaffeine content, in grams per lOOg of dry matter of the sample, is 

equal tot 
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5 x 10 5 x C x X 



where C, X, A, m, dib are as above. 

8.1.3. Dried and liquid coffee extracts 

The caffeine oontent, in grans per lOOg of dry matter of the sample, is equal toi 

25 x 10 6 x C x X 
iXIXH 

where C, X, A, m and ms are as above. 

8.1.4. Take as the result the arithmetic mean of the result obtained if the conditions 
of repeatability are fulfilled. 

8.2. Repeatability 

The difference between the independent results of two determinations carried out 
simultaneously or in rapid succession on the same sample in one laboratory, shall be 
not more than the value, represented in the table. 

8.3. Reproducibility 

The difference between the results of two independent determinations carried out 
in two different laboratories on the same sample shall not exceed the value, represented 
in the table. 

8.4. Table 



Sample 


Amount of 
oaffeine g/lOOg 
coffee 


Repeatability 
g Caffeine/ 
lOOg coffee 


Reproducibility 
g caffeine/100 g 
ooffee 


Green ooffee 
bean 


about 2 
about 1 
decaffeinated 
<0,1 


0,3 
0,2 
0,02 


0,35 
0,26 
0,02? 


Roasted ooffee 
beans 


about 2 
about 1 
deoaffeinated 
<0,1 


0,2 
0,1 
0,01 


0,20 

0,15 
0,018 


Soluble coffee 


about 4 
about 2 
deoaffeinated 
<0,3 


0.4 
0,2 
0,01 


0,56 
0,28 
0,012 
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9. Test report 

The test report shall give the method used and the result obtained. It shall 
also mention all details of procedure not speoified in this International Standard, 
or regarded as optional and any cirounstances that may have influenced the result. 

The report shall give all details required for the complete identification of the 
sample , 

Reference ISO 4052i 1977 
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COFFEE - MICROSCOPICAL 
EXAMINATION 

PRINCIPLE 

The sample is boiled with water, oleared and stained. 
APPARATUS 

1. Microscope, with low power objective (high-power objective may be needed 
occasionally). 

PROCEDURE 

Boil about 0. 5g of sample with water so that most of the colour is extracted. 
Drain and replace the volume of water used with ohloral hydrate. Heat until the 
material is sufficiently oleared. Wash out the chloral hydrate and stain with 
phloroglucinol/hydrochlorio acid. 

Coffee is characterized by longitudinal and transverse eclerenchymatous 
fibres (from the pericarp). 

Chicory has very large vessels up to 115 microns across which have rather 
short pits. Clearing with boiling 5 percent sodium hydroxide solution may also 
be used. 
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C.9. SPICES 



Spices should be of normal pungency, usually assessed from the volatile oil and 
the non-volatile ether extract. They should also be free from extraneous material, 
assessed from the ash, acid-insoluble ash and examination for filth, hairs, insects 
and insect fragments and roden droppings. The identity of ground spices must b* 
checked by a careful microscopical examination. It is usual to determine lead and 
arsenic in spices. 

The chapter on microscopy contains a rhort bibliography which may be of assistance 
in finding details of the microscopical structure of spices not dealt with in detail 
in this chapter. 

The methods for ash and acid-insoluble ash are to be found in the General section, and 
methods for filth in the Contaminants section of Volume 2. 

ISO has been active in standardizing methods and compositional limits for spices. 
ISO R 676:1968 gives the botanical, French, Russian and English names of 68 spices 
and condiments. ISO 2825:1974 recomr.ends thr.t in the preparation of samples for 
analysis, they are ground to approximately lnun, avoiding undue heating and as far as 
possible contact with the outside air. They should then be placed in clean, dry, 
air-tight containers so as to nearly fill them. 

The instructions referring to spices in the chapter on proximate analysis 
incorporate the recommendations of: 

ISO R 927:1969 - Determination of Extraneous matter 
ISO R 939:1969 - Determination of Moisture content 
ISO R 928:1969 - Determination of Total Ash 
ISO R 929:1969 - Determination of hater-Insoluble Ash 
ISO R 930:1969 - Determination of Acid-Insoluble Ash 

The quality of spices is assessed from a number of values in addition to the 
volatile and fixed oil contents. Other values include crude fibre, water-soluble 
ash, alcohol extract, cold water extract and total nitrogen. The following table 
gives parameters that are commonly used for each spice. Nitrogen iB determined by 
the routine Kjeldahl procedure. The sacchari f ication procedure in the chapter on 
cereals is suitable for the determination of starch. Moisture is determined by the 
Dean and Stark entrainment method, except in the case of mustartl. Filth and 
insect fragments can be deter- ined by the AOAC procedures. Added salt nay be found 
in powdered spices. Whole spices may be faced with mineral oil or added colour in 
an attempt to improve the appearance. 

Mixtures of spices also must be analysed from time to time. Curry powder is one 
of the most common mixtures. This is usually comj-oBCd of a few of the following — 
capsicum, cassia, cinnamon, coriander, ginger, turmeric, fenugreek, fennel, mustard, 
pepper and pimento. Leaves of Bay and Murraya Koenigii, cumin, dill, mace and 
cardamom are also possible though the last two are more expensive than the others. 

Microscopic views of components of powdered spices are reproduced on the last pages 
of this section as an aid to identification. 
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INORGANIC EXTRANEOUS MATTER 
A method for inorganic extraneous matter is as follows : 

Weigh about 20g sample into a 100ml beaker. Add 70ml oarbon tetrachloride 
and stir with a spoon. Allow to settle for 1 hour and spoon off the materials 
which float on the surface. Allow to settle for 1 hour cautiously decant off most 
of the reagent and then quantitatively transfer it to a platinum basin. Dry the 
contents in an air oven, ignite, weigh and express as percentage of the sample 
taken. 



COLD WATER SOLUBLE EXTRACT 

PRINCIPLE 

Extraction of the material with cold water, filtration, drying of the residue 
and weighing. 

PROCEDURE 

Use distilled water, or water of at least equal purity. Accurately weigh 
about 2g of the prepared sample and transfer the test portion quantitatively with 
water to a 100ml volumetric flask and fill to the mark with odd water. Stopper 
the flask and shake at approximately 30 minute intervals for 8 hours and allow to 
stand 16 hours longer without shaking. Filter the extract through a' dry filter 
paper, evaporate a 5&nl aliquot portion to dryness in a dish on the steam bath 
and heat in the oven at 103 + 2°C to constant mass, that is, until two consecutive 
weighings separated by a period of 1 hour in the oven do not differ by more than 
0.002g. Record the final mass. 

EXPRESSION OF RESULTS 

The percentage, by mass, of cold water soluble extract in the sample is 
equal to, on the dry basis. 

Ml x 100 x 100 x 100 

50 100 - H 

where 

M Q is the mass, in grammes, of the test portion. 

Uj is the mass, in grammes, of the residue obtained. 

H is the moisture content, per cent by mass, of the sample as received. 



Reference: Based on ISO R 941:1969 



- 369 - 



ALCOHOL-SOLUBLE EXTRACT 

PRINCIPLE 

Extraction of the material with ethanol, filtration and drying and weighing 
of the extract. 

APPARATUS 

1. Oven at 103 + 2°C. 

2. Steam-bath. 
REAGENTS 

1. Ethanol 95# v/v. 
PROCEDURE 

Accurately weigh about 2g of ground sample and transfer quantitatively with 
ethanol to a 100ml volumetric flask. Dilute to the mark with ethanol. Stopper 
the flask and shake at approximately 30 minute intervals for about 8 hours and 
allow to stand 16 hours longer without shaking. Filter the extract through a dry 
filter paper, evaporate a 30ml aliquot portion to dryness in the dish on the 
steam bath and heat in the oven at 103 + 2°C to constant mass, that is, until 
two consecutive weighings separated by a period of 1 hour in the oven do not 
differ by more than 0.002g. Record the final mass. 

EXPRESSION OF RESULTS 

The percentage, by mass, of alcohol-soluble extract in the sample is equal to 
on the dry basis: 

Mi x 100 x 100 x 100 
"50 H; 100 - H 



where 

M Q is the mass, in grammes, of the test portion. 

Mi is the mass, in grammes, of the dry residue obtained. 

H is the moisture oontent, percentage by mass, of the Bame as received. 



Reference: Based on ISO: R 940:1969 
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NON-VOLATILE ETHER EXTRACT 

PRINCIPLE 

Extraction of the material with diethyl ether, removal of volatile matter 
and drying and weighing of the non-volatile residue. 

APPARATUS 

1. Soxhlet or similar extraction apparatus. 

2. Oven at 110 + 1°C. 
REAGENT 

1. Methyl ether, anhydrous. 
PROCEDURE 

Extract a weighed 2g test portion ground to pass a lnun sieve in the 
continuous extraction apparatus with anhydrous diethyl ether for 18 hours* Remove 
the ether from the extract by distillation, followed by blowing with a stream of 
air, with the flask kept on a boiling-water bath, and dry the flask in the oven 
at 110 + 1°C until the loss in mass between two consecutive weighings is less 
than 0. 005g. Shake the residue in the flask with 2 to 3ml of anhydrous diethyl 
ether at laboratory temperature, allow to settle and decant the ethe ( r. Repeat the 
extraction until no more of the residue dissolves. Dry the flask again until the 
loss in mass between two successive weighings is less than 0. 005g. 

EXPRESSION OF RESULTS 

The percentage, by mass, of non-volatile ether extract in the sample, on the 
dry basis, is equal to 

(Mi - M2) x 100 x 100 

Mo 100 - H 

where 

M Q is the mass, in grammes, of the test portion. 

is the mass, in grammes, of the residue obtained after drying at 110°C. 

M2 is the mass, in grammes, of the final residue. 

H is the moisture content, as a percentage by mass, of the sample as received. 
INTERPRETATION 

This determination is also referred to as the fixed oil or fixed ether extract. 

The condenser water may be too hot for the refluxing of diethyl ether, in 
which case the method as written cannot be carried out. Di-isopropyl ether is 
readily available and of higher boiling-point. The author is not aware of any 
report comparing results using the two solvents but it Beems likely that any 
difference would be small. 
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Reference: Based on ISO R 1108:1969. 

If only small amounts of sample are available, it may not be possible to 
carry out the determination of volatile oil by the B. P. method, which is described 
elsewhere. In that case, the ether from the above determination may be allowed 
to evaporate at room temperature. The residue is left to dry over sulphuric acid 
for 24 hours. The weight represents the total ether extract. The flask is then 
dried at 110°C as specified in this method. The loss in weight represents the 
volatile ether extract, which equates approximately to the volatile oil determined 
by the following method. 

VOLATILE OIL 

PRINCIPLE 

The determination of volatile oil in a spice is made by distilling the spice 
with water, collecting the distillate in a graduated tube in which the aqueous portion 
of the distillate is automatically separated and returned to the distilling flask, 
and measuring the volume of the oil. The content of volatile oil is expressed as 
a percentage v/w, 

APPARATUS 

1. Flask, distilling, 1 litre capacity, preferably with magnetio stirrer. 

2. Volatile oil traps, Clevenger type. 




LIGHTER THIN WAT£« HL«Vl£« 1HAMJ«AII» 



Dimensions in mm. It is essential to wash the apparatus with acetone and 
water and then leave to stand in chromic-sulphuric acid mixture with complete 
rinsing prior to use. 
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PROCEDURE 

Grind the spice to pass a number 20 (850 mioron) sieve. Heigh 20g of spice or 
enough to yield 2-4nl of oil if possible and place in the flask with glass beads or 
porous earthenware pieces if a magnetic stirrer is not used. Add about 300ml of 
water and a drop of antifoam if neoessary. Fill the trap with water. Place an 
efficient water-oooled oondenser on top of the trap and heat the flask with good 
stirring or agitation until boiling starts and continue boiling moderately briskly 
but so that the lower part of the condenser remains cold. Set the apparatus so 
that the oondensate will not drop directly on the surface of the liquid in the trap 
but run down the side walls. Rotate the flask occasionally to wash down any any 
material adhereing to the upper part of the walls. Distil until 2 consecutive read- 
ings taken at 1 hour intervals show no change in oil content (>6 hr). Remove the 
source of heat and read the volume of oil ten minutes or so later. Calculate as v/m. 

If the oil separates in the graduated portion of the trap or clings to the 
walls, add several drops of a saturated aqueous detergent solution through the top 
of the condenser. Repeat if necessary although once is usually sufficient. Distil 
for at least 10 minutes after adding detergent in order to wash it out of the trap. 

Some oils (e.g. cassia) have a density close to 1 or separate into 2 fractions 
in the trap (allspice, nutmeg). For these, prior to adding the sample to the flask, 
add 1.0ml xylene to the trap and distil without sample for at least half an hour. 
Cool and more than ten minutes later read the volume of xylene. Add the sample and 
distil for up to 6 hours as described above. Subtract the volume of xylene from the 
total volume of the organic layer in the trap. Calculate as before. 

The oil obtained (without use of xylene) may be recovered, dried with a very 
small amount of sodium sulphate and its characteristics, such as density, R.I. etc. 
determined. 



Reference: A0AC 1975 30.020. The apparatus of Sage A Fleck (1934) can be con- 
structed from ordinary laboratory glassware. Results may be a little lower than the 
true value due to the slight solubility of some oils in water. The results are 
affected by the particle size of the sample. 
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UMBELLIFEROUS FRUITS 
DESCRIPTIVE 

These fruits are called cremocarpe and are a variety of splitting fruit 
(sohizocarp) which devides into one-seeded parts (carpels) known as mericarps. 
The area where the seeds were joined is called the commissural surface and the 
rounded part the dorsal surface. See microscopic view of powdered spices 
on last pages of this seotion. 

Caraway Seeds 

The fruit of Carum Carvi, Linn. (N. 0. ttabelliferae ), 

The fruits are about 6mm long with a brown, glabrous surface and slightly 
curved. The volatile oil contains about 5°9& carvone. The light brown Levant 
(or Hogador) caraway and also Indian dill have been substituted for genuine oaraway. 

The fruit exhibits the following structure t- 

1. An outer epidermis, composed of axially elongated cells with striated cuticle 
and pitted walls j here and there a stoma is visible, but it offers no remarkable 
features. 

2. A narrow layer of parenchymatous tissue, consisting of irregular polygonal 
cells; this tissue is traversed by f ibro-vascular bundles, which are situated in 
the ridges of the fruit, and are supported by strands of sclerenchymatous cells; 
the latter possess pitted walls, but vary greatly in size and shape. Six large 
brown vittae also occur in this tissue. 

3. An inner epidermis, composed of polygonal, thin-walled cells, which are all 
tangentially elongated and exhibit a v regular arrangement. 

4. The seed-coat, consisting of a single layer of small polygonal cells of a 
rather dark brown colour. 

5. The endosperm, made up of rather thick-walled cells containing aleurone grains 
and fixed oil. 

The diagnostic characters of powdered caraways are:- (Fig. 1) 

(a) The abundant sclerenchymatous tissue. 

(b) The abpence of hairs and of spiral and reticulate cells. 

(c) The striated epidermis. 

(d) The large cells of the inner epidermis and their regular arrangement. 

(e) The small aleurone grains. 
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Anise Fruit 

The fruit of Pimpinella Anisum, Linn. (N.O. Umbel liferae). 

The fruits are about 3mm long, greenish-grey to brown in colour, ovoid and 
somewhat laterally compressed. The volatile oil contains about 90# of anethole. 

The transverse section of the fruit exhibits the following structurei- 

1. An outer epidermis composed of flattened cells and provided with stomata as well 
as with numerous simple hairs. In surface view the epidermal cells appear polygonal 
and strongly striated; the hairs are short, conical, thick-walled warty, and usually 
one-celled. 

2. The parenchymatous tissue next to the epidermis is made up of polygonal cells, 
and is traversed by secretory ducts. The number of the latter is variable, but 
alvayB considerable, and they are placed close together. This tissue is also 
traversed by a number of fibro-vascular bundles surrounded by scle renchynatous tissue 
of varying extent, the cells of which are polygonal and have thickened pitted walls. 

3. An inner epidermis, consisting of a single row of cells, all of which are 
elongated in the same direction. 

4. A seed-coat, which is represented by a single row of brown flattened cells; in 
surface view these appear polygonal and isodiametric. 

5. An endosperm, composed of polygonal cells containing fixed oil and aleurone 
grains; in the latter a globoid or a rosette of calcium oxalate may be found. 

The diagnostic characters of powdered anise fruit are (Fig. 2):- 

(a) The short, stout, conical hairs. 

(b) The numerous, narrow, brown oil-ducta. 
(o) The sclerenchyma of the pericarp. 

(d) The contents of the endosperm cells. 
Coriander Fruit 

The fruit of Coriandrum sativum, Linn. (N.O. Umbelliferae ). 
The dorsal portion exhibits in transverse section* - 

1. An outer epidermis composed of tabular cells which in surface view are seen 
to be polygonal, and have slightly thickened, pitted walls. It is often partially 
thrown off, especially from the intercostal regions; it is provided with stomata, 
and in some of the cells a prismatic crystal of calcium oxalate may be observed. 

2. A tissue, corresponding to the mesocarp, whioh has undergone considerable 
differentiation, and in which the following layers can be distinguished: (a) an 
outer layer of tangentially elongated parenchymatous cells; (b) a well-developed 
layer of sclerenchyma, traversed by fibro-vascular bundles, and forming a continuous 
and very thick protective tissue throughout the entire dorsal portion of the 
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me ri carp; the cells of which this layer is composed are elongated, have thick, 
pitted walls and cross in different directions} (o) one or two rows of flattened 
thin-walled cells; (d) two or three rows of large, irregular polygonal cells with 
very thick, pitted walls. 

3. An inner epidermis of flattened, tangentially elongated cells which in surface 
view are seen to be rectangular, four or five times as long as they are broad, and 
all elongated in the same direction. 

4. A seed-coat consisting of a single layer of pale yellow polygonal cells with 
slightly wavy walls. 

5. An endosperm made up of thick walled polygonal cells containing aleurone grains, 
fixed oil, and small rosette-crystals of calcium oxalate. 

The structure of the commissural portion of the fruit is slightly different 
from that of the dorsal portion; the sclerenchymatous layer is absent, and the 
mesocarp is traversed by two large secretory ducts (vittae). 

The diagnostic characters of powdered coriander fruit are (Fig. 3):- 

(a) The epidermal cells with prismatio crystals. 

(b) The fibrous sclerenchymatoua layer of the pericarp. 

(c) The large sclerenchymatous cells in the inner part of the 
pericarp, to which 

(d) The inner epidermis is often attached. 

(e) The large secretory ducts. 

(f) The minute rosettes of calcium oxalate in the endosperm. 
The last two characters are found in other umbelliferous fruits. 
Cummin fruit 

The fruit of Cuminum Cyminum, Linn. (N.O. Upbelliferae ). 
The fruit exhibits the following structure :- 

1. An outer epidermis composed of polygonal cells and provided over the seoondary 
ridges with conical, pluricellular, pluriserial hairs. 

2. A tissue, corresponding to the misocarp, traversed by five fibro-vascular bundles 
situated below the primary ridges. This tissue also contains six vittae, four of which 
are placed below the secondary ridges and the remaining two on the commissural surface. 
In this tissue and near the fibro-vascular bundles sclerenchymatoue cells of varying 
shape are to be found} some are polygonal and elongated, others sinuous, eto. , but 
all of them have thick, pitted walls. The bundles themselves are accompanied by 
eclerenchymatous fibres with lignified walls. 

3. An inner epidermis composed of tolerably regular polygonal cells all elongated 
in the same direction. 

4. A seed-coat consisting of brown polygonal cells. 
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5. An endosperm with thick-walled cells in which aleurone grains, fixed oil and 
small rosette crystals of calcium oxalate are contained. 

The diagnostic characters of powdered cummin fruit are (Fig. 4):- 

(a) The pluricellular, pluriserial hairs. 

(b) The 8clerenchymatous cells from the mesocarp. 
(o) The large oil-ducts. 

(d) The oontentB of the cells of the endosperm 
Fennel Fruit 

The fruit of Foeniculum capillaceum, Oilib. (N. 0. Umbelliferae) 
The transverse section exhibits the following charaoters:- 

1. An outer epidermis, composed of polygonal cells with straight walls and 
furnished with stomata. 

2. Rsirenchymatous tissue (mesocarp) composed of irregular polygonal cells; many 

of these are characterized by their reticulate or spiral thickening} they are either 
isolated or form groups in the ridges of the fruit, near the fibro-vascular bundles. 
There are six large vittae, easily distinguished by the brown colour of their walls} 
four are situated on the dorsal surface of the fruit, and two on the commissural. The 
bundles are composed of tracheids with a few bast cells, supported by a mass of 
sclerenchymatous fibres with pitted walls. 

3. An inner epidermis, oomposed of a single layer of narrow, elongated cells} 
these cells are arranged in groups of some six or more, with their long axes parallel 
to one another, but at right angles or obliquely to the long axes of the cells of 
other groupB. 

4. A seed coat} this consists of a single layer of brown polygonal cells. 

5. An endosperm made up of rather thick walled polygonal cells, containing aleurone 
grains, fixed oil, and protoplasm. Some of the aleurone grains contain a rounded 
globoid, others a small rosette of calcium oxalate. 

The diagnostic characters of powdered fennel are (Fig. 5):- 

(a) The spiral and reticulate oells of the mesocarp. 

(b) The narrow cells of the inner epidermis and their characteristic 
arrangement. 

(o) The absence of hairB. 

(d) The thick-walled endosperm cells. 

Dill (Anethum graveolens) 

The mericarps are about 4mm x 2.5mn>» flat and glabrous. The main constituent 
of the volatile oil is carvone as in also the case with caraway. The main micro- 
scopical features are the striated cuticle of the epidermis, the fixed oil and the 
aleurone grains enclosing a microcrystal of calcium oxalate. 
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UMBELLIFEROUS FRUITS - 
IDENTIFICATION BY" TLG 

PRINCIPLE 

Petroleum ether extracts are developed by TLC and vizualieed with 2, 4- 
dinitrophsnylhydrazine . 

APPARATUS 

1. TLC equipment. 

2. U.V. light source, 365nm. 

3. Prepare platesO. 25 mm thiok from 25g silica gel 0 in 50ml of 0.05^6 aqueous 
fluorescein sodium. Heat at 105°C for 30 minutes before use, 

REAGENTS 

1. Petroleum ether B. R. 60-80°C. 

2. Chloroform — benzene Itl developing solvent. 

3. Bromine. 

4. 2,4,-Dinitrophenylhydrazine, saturated solution in 1H hydroohloric acid. 

5. Sulphuric acid containing Vf> vanillin. 
PROCEDURE 

Shake 0. 5g powdered sample with 5ml of petroleum ether. After the suspended 
matter has settled, apply 0.03ml of extract to the TLC plate, allowing the spot to 
become up to 1cm in diameter. Apply extracts of authentic specimens for 
comparison. Develop the chromatogram for about 15cm. Examine under UV light and 
lightly outline any quenched areas. Treat briefly with bromine vapour (converting 
fluorescein to eosin) anc. examine under W light for persisting fluorescein 
fluorescence due to unsaturated substances. Spray with the 2,4-dinitrophenylhydrazine 
solution. Aldehydes and ketones appear as orange spots. Air dry and spray with 
1% vanillin in sulphuric acid. Khellin, thymol and similar substances give colour 
spots rapidly, fenchone and some others may take several hours. 



Reference: Betts, T. J. Quarterly J. of Pharm. and Pharmacol (Supplement) l£ 131T 
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Cinnamon and Cassia barks 

Cassia is generally less expensive than cinnamon and therefore some effort has 
been made to devise methods distinguishing the two, although this can be done 
satisfactorily by careful microscopy, due to the difference in the diameter of the 
fibres. 

The main differences are as given in the table (some less common Cassia spp are 
also included). 

For differentiation by TLC the method of Betts (1965) may be used. Mix 12g 
magneBiua silioate (Woelm) with 50ml of absolute aloohol, Bpread on TLC plates and 
air-dry. Extract 500mg of bark with 2 - 5ml acetone and spot the extraot on the plate. 
Spray with Folin and Ciocalteu's reagent. Eugenol, characteristic of cinnamon, but 
not of cassia, apjears as a blue spot, Rf about 0.45. Spray with dinitrophenylhy- 
drasine. Cinnamaldehyde appears as a spot at R* about 0.55. The reagents are made as 
follows. 

Folin-Ciocalteu Reagent: for phenols 

Stock solution! A solution is prepared from lOg sodium tungstate and 2.5g sodium 
nolydate in 70ml water; 5ml 85^ phosphoric acid and then 10ml concentrated hydro- 
chloric aoid added to it. The mixture iB refluxed for 10 h, after which 15g lithium 
sulphate, 5ml water and 1 drop bromine are added. The resulting solution is refluxed 
15 minutes more, cooled and made up to 100ml with water. It should have no green tint. 

Spray reagent It 20$ aqueous sodium carbonate. 

Spray reagent II: The ctock solution is diluted with three times its volume of water 
before use. 

Procedure: Spraying is carried out first with I, then after briefly drying with II. 

2.4 Dinitrophenylhydrazine: for free aldehyde and keto groups and for ketoaea 

Spray reagent A: 0.4# solution of 2,4-dinitrophenylhydrazine in 2 M hydrochlorio acid. 

Spray reagent B: 10ml 36£ hydrochloric acid are added to a solution of lg 2,4- 
dinitrophenylhydrazine in 100ml ethanol. 

Treatment after spraying: The 2,4-DNPs may be differentiated by subsequent spraying 
with a 0.2% solution of potassium hexacyanoferrate (ill) in 2 M hydrochloric acid. 

Rote. DNPs of saturated ketones give a blue colour immediately} those of saturated 
aldehydes react more slowly and turn olive green. The colours of the DNPs of 
unsaturated carbonyl compounds change only Blowly or not at all. 

References: - microscopical identification of cinnamon leaves in curry powder and 
points of difference from laurel leaves, Hohmann, B. , Zeitschrift 
fur Lebensmitteluntersuchung und Forschung (3) p. 152-57 (1969). 

- botanical origins of cinnamon by TLC, Lawrence, B. M. , Canadian 
Institute of Food Technology Journal (4) p. 178-80 (1969) 

- typical analytical values for ginger, cinnamon, garlic and onion, 
Oerhardt, U. , Fleischwirtachaft (10) p. 1356-58 (1969). 

* See next page. 
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- safrole in 2 cinnamonum spices, Lawrence, B.N. & Hogg, J. V. , Planta 
Medica (1) p. 1-5 (1974) 

- oinnanon by TLC, Betta, T.J, , J. Fharm. Pharmacol. I965 1J 520-521 

- mucilage determination to distinguish cinnamon and cassia, Stahl, 
W.H., Skarsynski, N.H. <Sb Voelker, W.A., JAOAC I969 p. 741 

- distinguishing cinnamon from cassia by chemical analysis, Dutta, 
A.B., JAOAC 44. (4) 1961 p. 639-640 



Cinnamom urn 
zeylanicum 



ca88ia (Cinnamon) Burmanni 



loureirii 



Cinnamomum pe da ti- 
ne rvium & Cinnamom 1 
sintok 



Cinnamaldehyde 

Eugenol 

Diameter of 
fibres 



Calcium 
oxalate 

Mucilage 

Ash of 
mucilage 

Appearance 
Starch 



(^)>40 

minute 
prisms 



+ 
+ 



>30 

Acicular 
crystals 



9.5 - 10.9 1.9 - 2.1 



6.1 - 6.4 20.6 - 24.7 



cork 
present 



thin, 
no cork 



>30 



>40 



small 
prisms 



Acicular 
crystals 



The staroh grains of C. oassia are larger than 
C. seylanicum 



those of 
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Cinnamon Bark 

The bark of Cinnamomum zeylanicum, Breyne (N. 0. laurineae). 

The bark, which is deprived of the oork and of the majority of the cortex, 
presents the following structurei- 

1. Cortex, represented by two or three rows of tangentially elongated polygonal 
cells. 

2. Bast Ring, separated from the remains of the cortex by a continuous ring of 
solerenchymatous cells, with thickened pitted walls, the thickening being often 
more strongly developed on one side than on the others. On the outer margin of this 
ring bundles of pericyclic fibreB may be detected at intervals, as in the case of 
cassia bark, but the seleronchymatous ring of cinnamon differs from that of cassia in 
being continuous instead of interrupted. The bast ring is traversed by medullary 
rays, which are very narrow near the cambium, but enlarge towards the periphery. It 
contains secretion cells similar to those of cassia bark, and bast fibres that have 
very thiok walla and are most isolated. The sieve-tubes are arranged in tangential 
groups, which in the outer portions of the bast ring are collapsed and exhibit 
traces only of cavities; they are narrow and have transverse sieve-plates. Many 

of the cells of the cortioal parenchyma and medullary rays contain small starch grains 
or numerous minute crystals of calcium oxalate. 

The diagnostic characters of cinnamon bark are (Pig. 6):- 

(a) The absence of cork. 

(b) The solerenchymatous cells, sometimes thickened on one side 
more than on the others. 

(c) The secretion cells containing oil or mucilage. 

(d) The minute crystals of calcium oxalate. 

(e) The small sieve-tubes with transverse plates. 

Typical cinnamon bark is distinguished from cassia bark by the absence of cork, 
by the bast-fibres, which are smaller and narrower and by the starch grains, which are 
also smaller. 

Cassia Bark 

The bark of Cinnamomum Cassia, Blume. ( IT. 0. Liurineae ). 
The bark presents the following structure:- 

1. Cork, in which layers of thin-walled, tabular cellB alternate with layers of 
cells with thickened, brown walls. 

2. Cortex, which is moderately wide anl characterized by the abundance of solerenchy- 
matous cells contained in it. Some of these cells have very thick walls with branching 
pits? others have comparatively lar^e cavities ami walls that exhibit a more or less 
conspicuous one-sided thickening. They occur either isolated or in small groups in the 
primary cortex, and also form a sclerenchymatous ring, which is interrupted at intervals 
by small groups of parenchymatous cells, and boars on the outer margin scattered bundles 
of pericyclic fibres. 
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3. Bast Ring, constituting the greater part of the bark. It is traversed by 
medullary raye tvo cells wide, and contains numerous secretion cells as well as bast- 
fibres and 8olerenchymatous cells. The secretion oells are mostly larger than the 
colls of the bast parenchyma, and are axially elongated; they may contain either 
mucilage or volatile oil, or a mixture of both. The bast fibres are either isolated, 
or ooour in groups of two or three j they are larger but less numerous than those of 
cinnamon bark. The sclerenchymatous cells are also either isolated or in small groups. 
The cells of the bast parenchyma contain starch grains which are considerably larger 
than those of cinnamon bark. Many cellB, especially those of the medullary rays, 
contain numerous minute prismatic crystals of oalcium oxalate. The sieve-tubes are 
narrow, and have small, transverse sieve-plates. 

The diagnostic characters of cassia bark are (Fig. 7):- 

(a) The cork, some of the cells of which are thick walled. 

(b) The isolated bast fibres. 

(o) The sclerenchymatous cells, many of which are more strongly 
thiokened on one side than on the other. 

(d) The secretion cells, containing oil or mucilage. 

(e) The minute prismatic crystals of oalcium oxalate. 

Typical specimens of cassia bark may be distinguished from typical specimens 
of cinnamon bark by the presence of cork, by the larger, thicker, bast fibres, and 
by the larger starch- grains, but the lower grades of cinnamon bark are often 
difficult to distinguish from cassia. 

Cloves 

The dried flower-buds of Eugenia caryophyllata, Thunb. (ff.O. Myrtaoeae). 

Each clove consists of a somewhat quadrangular stem-like portion slightly 
contracted at the base) this part is sometimes interpreted as a calyx-tube, 
sometimes as the solid lower part of the ovary. It is crowned by four thick, 
divergent, suboval calyx-teeth in the centre of whioh there is a small rounded body 
oonsisting of four imbrioated petals enclosing the dried stamens and style. 

The transverse section of the lower part of the stem-like portion exhibits 
the following characters:- The epidermis is composed of polygonal oells covered 
with a rather thick cuticle, and provided with stomata. Below the epidermis is 
parenchymatous tissue well differentiated into three layers, vis. an outer one with 
radially elongated cells, and numerous internal oil-glands, a middle, oollenchymatous 
layer traversed by numerous fibro-vascular bundles in whioh thick solerenohymatous 
fibres are conspicuous elements, and an inner, lacunoue layer. In the centre there 
is a moderately large fibro-vascular bundle. 

Both the teeth of the oalyx and of the petals oonsiet chiefly of parenchymatous 
tissue in which there are numerous oil-glands. 

The anthers are composed of small cells with pitted walls, and larger oells with 
spiral thickenings. 

The powder also contains numerous pollen grains as well as perioyclic fibres 
derived from the bundles in the lower part of the olove. 
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Powdered cloves possess no well-narked diagnostic characters} the following 
features may, however, he mentioned (Fig. 8):- 

(a) Epidermis of lower part of ovary, with thick cutiole. 

(to) Epidermis of calyx-teeth and corolla. 

(c) Fragments of the oil-glands. 

(d) Parenchyma of the corolla with numerous rosettes of oalcium oxalate. 
Powdered cloves should not oontain sclerenchymatous cells (clove stalks) 
or starch (mother-cloves). 

A high fitore content may indicate the presence of clove tail. 

Cardamom Fruits 

The fruits of Elettaria Cardamomum, Maton (K.O. Soitamineae ). 
The pericarp of the fruit presents the following tiBsuest- 

1. An outer epidermis consisting of a single row of irregular polygonal cells 
with straight, smooth walls. 

2. A rather thick layer of parenohyma traversed by numerous fitoro-vascular toundles, 
and containing scattered cells filled with brownish oleoresin. The fibro-vascular 
bundles are supported by a mass of fibres, most of which have thickened, pitted walls. 

3. An inner epidermis, resembling the outer in struoture but usually more or less 
ool lapsed. 

The arillus is very thin and composed of several rows of elongated, yellowish, 
more or. less collapsed, oells, containing small rounded or oval droplets of oil. 

The seed is composed of the following tiseuee:- 

1. An epidermis, consisting of cells which appear rectangular in transverse section, 
but in surface view are seen to be muoh elongated and taper towards the ends} they are 
furnished with slightly thickened, undulating walls. 

2. A single row of smaller cells, also elongated in shape but crossing the cells of 
the epidermis at right angles. 

3. A single row of large rectangular oil-cells. 

4. A narrow layer composed of several rows of cells, the structure of which is not 
distinctly visible. 

5. An inner epidermis, consisting of a single row of brown or yellowish-brown, radially 
elongated cells with very thick walls, the cavity being shallow and almost entirely 
filled with a nodule of silica. 

6. A largely developed perisperm, the cells of which have thin walls, and are paoked 
with minute starch grains; in the oentre of each cell there is a prismatic crystal of 
oalciua oxalate. 

7. An endosperm and embryo, the cellB of which oontain proteid matter. 
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The diagnostic characters of the powdered pericarps are ( Pig. 9):- 

(a) The parenchyma with empty cells and scattered resin oells. 

(b) The fibres from the bundles. 
Powdered seedB are identified by 

(c) The characteristic epidermis. 

(d) The sclerenohymatous layer. 

(e) The fragments of perispern with small starch grains and 
calcium oxalate crystals. 

Black Pepper 

Black pepper is the unripe fruit of Piper nigrum, not to be confused with 
pimento (allspice), the fruit of Pimenta officinalis (an obvious difference iB that 
the calyx and style still remain in the latter) or pimiento, a variety of Capsicum 
or red pepper. 

The fruit of Piper nigrum, Linn. (H.O. Piperaoeae). 

A transverse section of blaok pepper exhibits the following structuret- 

1. An outer epidermis consisting of small cells with brown oontents and a rather 
thick cuticle. In surface view these cells appear polygonal, and here and there a 
stoma may be seen) many of them contain small prismatic crystals of oalcium oxalate. 

2. An outer solerenohymatous layer abutting upon the epidermis or separated from 
it by a single row of parenchymatous cells. This layer is not continuous, but is 
interrupted at intervals by thin-walled parenchymatous cells. The sclerenchymatous 
cells vary somewhat in shape, but most of them are radially elongated, and oontain a 
brown substance 5 their walls are thick and pitted. 

3. Parenchyma to ub tissue corresponding to the mesocarp, and constituting the bulk 
of the pericarp. The outer layers of this tissue consist of large polygonal oells, 
amonst which an occasional still larger oil-cell may be seen; the former contain 

a few small starch grains, the latter globules of volatile oil. The inner layers of 
parenchymatous oells have lignified walls and are more strongly tangentially elongated 
or even flattened so as to present a well marked line of demarcation, which is accentuated 
by the presence of fibro-vasoular bundles. Oil-cells are more numerous in this inner 
part of the parenchymatous tissue than they are in the outer. 

4. An inner sclerenchymatous layer consisting of a single row of oells thickened 
on their radial and inner tangential walls) in surface view these cells are seen to 

be isodiametric, polygonal, and to have moderately thick, pitted walls) their cavities 
are colourless and larger than those of the outer layer of sclerenchymatous cells. This 
layer of oells 1b generally adherent to the brown seed— ooat. 

5. A brown and a yellow layer of collapsed oells to which is firmly attached. 

6. A colourless layer of collapsed cells) these last three layers constitute the 
seed-coat. 

The kernel of the seed consists almost entirely of perisperm. The outer two or 
three rows of cells are polygonal and contain aleurone grains, but the others are 
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elongated and are packBd with minute grains of starch. Scattered throughout the 
perisperm are cells containing yellowish volatile oil. 

The diagnostic characters of powdered hlack pepper are (Fig. 10):- 

(a) The outer epidermis, together with the subjacent interrupted 
sclerenchymatous layer. 

(b) The inner sclerenchymatous layer. 

(c) The starch grains, often in compact masses. 

(d) The oil-cells, the contents of which are coloured red by 
sulphurio add. 

White Pepper 

This consists of the dried whole ripe berries of Piper nigrum from which the 
outer part of the pericarp has been removed by abrasion after previously fermenting 
or soaking in water. The quality may be assessed from the level of crude fibre, 
(0.5-5.0 %). 

Mustard 

ISO 1237-1974 specifies that mustard seed must be the dried clean seeds of 
Sinapis alba (white or yellow mustard), Brassioa nigra (black mustard) or Brassies 
juncea (Indian mustard). The seeds shall be free from living insects, mites and 
moulds, and shall be practically free from dead insects, insect fragments and rodent 
contamination visible to the eye. 

The mustard seeds shall be whole and mature and shall not oontain more than 
2% (m/m) of extraneous matter or other vegetable material. Extraneous seeds include 
charlock ( Sinapis arvensis Linnaeus), rape (Brassica napoo Linnaeus) and Melilotus 
species. The proportion of damaged or shrivelled mustards seeds shall not exceed 
2 percent (m/m). 

Loss in mass is determined by drying at 103°C. 

Black Mustard Seeds 

The seeds of Brassica nigra, Koch ( K. 0. Crucif erae ) . 

In the seed-coats the following layers can be distinguished (Pig. 11):- 

1. An epidermis (am) composed of large thin-walled cells containing mucilage. 

2. A single layer of large parenchymatous cells, the walls of whioh are not 
collenchymatous, as those of white mustard seeds are. These cells are generally 
collapsed, and lie closely pressed on to the next layer of cells. In the powdered 
drug they are not easy to see. 

3. A single layer of dark brown sclerenchymatous cells (so) whioh, in transverse 
section, exhibit the very oharacteristio thickening (s'c 1 ) shown in the illustration. 
Some of these cells at regular intervals are longer than the others, and thus produce 
the pitted appearance of the seed as well as the peculiar, polygonal network seen in 
the surface view of the seed-coats. 
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4. A thin membranous layer (cm) consisting of large, polygonal, flattened cells, 
containing a brownish amorphous substance. This layer is closely applied to the 
Bclerenchymatous layer, and in the powder generally remains firmly adherent to it, 
producing, in part, the characteristic colour of the seed. 

5. Within the seed-coat is an aleurone layer (ap) consisting of rather thick-walled, 
polygonal cells, containing aleurone grains. Next to this row of cells is a layer 
composed of several rows of collapsed parenchymatous cells, the cavities of which are 
only indistinotly visible as faint lines. 

The cotyledons (co) are covered by a transparent epidermis, consisting of 
polygonal cells. They contain small irregular aleurone grains, in each of which 
numerous minute globoids can be detected. 

The powdered seeds contain very numerous fragments of the delicate tissue of the 
cotyledons and radicle; in glycerin these exhibit the characteristic aleurone grains, 
which may also be found scattered over the preparation. Examined in ohloral hydrate 
globules of fixed oil are very conspicuous. Fragments of the Beed-coat are easily 
recognized by their brown colour; they usually present their surface view and exhibit 
the polygonal network above alluded to. Colourless, transparent fragments of the 
epidermis may also be found as well as portions of the aleurone layer. 

The diagnostic characters of powdered mustard seeds are (Pig. 11):- 

(a) The dark, yellowish-brown sclerenchymatous layer. 

(b) The polygonal network exhibited by the upper surface of that layer. 

(c) The small aleurone grains, each with numerous minute globoids. 

(d) The mucilaginous cells of the epidermis. 
White Mustard Seeds 

The seeds of Brassica alba, Linn. (N. 0. Cruciferae ). 

The seeds are yellow in colour, and co minutely pitted that they appear smooth 
to the naked eye. 

In the seed-coats the following layers can be distinguished (Fig. 12):- 

1. An epidermis (am) made up of large cells containing mucilage whic:h swells very 
rapidly and very considerably in contact with water. 

2. A collenchymatous layer (col) composed of two rows of polygonal colls, the 
walls of which are thickened, particularly in the angles. 

3. A sclerenchymatous layer (sc) consisting of a single row of cells, the lateral 
and inner walls of which are thickened and pale yellow in colour. The cells are 
tolerably uniform in size and arrangement. 

These three layers represent the outer seed-coat. 

4. A membranous layer (cm) composed of two or three rows of strongly flattened 
cells. These are free from the dark brown pigment which is contained in the 
corresponding cells of black mustard seed. 



Copyrighted material 



- 586 - 



Within the seed-coats is the embryo surrounded by the aleurone layer (ap); 
the latter consists of a single row of ieodiametric polygonal cells which have 
uniformly thickened walls and granular contents. The epidermis of the cotyledons 
(cc) is composed of irregular empty cells amongst which groups of two or three 
smaller ones may be observed; these are stomata in process of formation. The cells 
of the cotyledons themselves (co) are filled with aleurone grains and fixed oil. The 
aleurone grains are small and irregular in shape; they contain numerous minute 
globoids but no crystalloids. 

The powder consists, like that of black mustard, largely of fragments of the 
cotyledons and radicle. The portions of the seed-coat are pale yellow in colour, 
and hence easily distinguished from the red-brown fragments of black mustard. The 
polygonal network that is so easily seen on the upper surface of the sclerenchymatous 
layer of blaok mustard is much less conspicuous. 

The diagnostic characters of powdered white mustard are (Pig. 12):- 

(a) The pale yellow sclerenchymatous layer. 

(b) The epidermis cells with striated mucilage. 

(c) The collenchymatouri hypoderaal layer. 

(d) The small irregular, aleurone grains containing numerous minute 
globoids. 
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ALLYL I SOTHI OCTAHATE 
IN MUSTARDS 

PRINCIPLE 

After two successive soakings of the sample, the first in water at a 
temperature of 70°C and the second in aqueous alcohol, the allyl isothiocyanate 
liberated is distilled into alcoholic ammonia} to the distillate is added a 
solution of silver nitrate and the excess silver nitrate is titrated with potassium 
or ammonium thiocyanate in the presence of ammonium iron (ill) sulphate. 

APPARATUS 

1. Grinding mill. 

2. Entrainment distillation apparatus (see the figure for a satisfactory design). 

3. Burette, graduated at 0.05ml intervals. (Diagram below " REFERENCES " ) 
REAGENTS 

1. Ethanol, 95 per cent (V/V). 

2. Ammonia solution, " 0«925 g/ml. 

3. Nitric acid, £20 - 1,40 g/ml. 

4. Silver nitrate, 0. 1 M standard volumetric solution. 

5. Potassium thiocyanate or ammonium thiocyanate, 0. 1 M standard 
volumetric solution. 

6. Ammonium iron (ill) sul^hnte solution, saturated when cold. 

A few drops of nitric acid may be added to increase stability. 

PROCEDURE 

Preparation of the sample: 



After very thorough mixing of the sample, take 15 to 20g and grind it. 
Test portion: 

Weigh about 2g of the ground sample to the nearest O.OOlg. 
Determination: 



Transfer the test portion to the pear-shaped flask of the distillation apparatus 
add 80ml of water previously heated to 70 +_ 2°C, close the flask with its ground glass 
stopper and leave to otand for 15 minutes. Then add 20 ml of 95 percent ethanol and 
allow to soak for 45 minutes. 

After soaking, connect the flask quickly to the distillation apparatus. Distil, 
and collect the distillate in a conical flask containing a mixture of 5ml of ammonia 
solution and 10ml of ethanol. (Entrainment distillation takes on average 5 minutes). 
The quantity of the distillate should be at least 100ml. 
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Add to the distillate 10ml of the silver nitrate solution and leave for 12 h 
at ambient temperature or 1 hour in a water bath heated to 70 to 80°C. 

Filter through a fine filter paper and rince the flask and residue several times 
with hot distilled water (approximately 90°C). 

To the bulked filtrate and washings add 10ml of nitric acid and then titrate with 
potassium thiocyanate or ammonium thiocyanate solution using the ammonium iron (ill) 
sulphate solution as indicator, until a persistent pink colour is obtained. 

Carry out two determinations on the same prepared sample. 

CALCUIATIOW 

The percentage by mass of allyl isothiocyanate, on the dry basis, is equal to 

4.95 (l ° - V ) x 100 x 100 

1000 m 100 - H 

where m is the mass, in grams, of the test portion; 

V is the volume, in raillilitres, of the 0. 1 M 
potassium or ammonium thiocyanate solution used; 

H is the moisture content of the seed, determined 
by drying at 103°C 

Take as the result the arithmetic mean of the two determinations if the 
requirement of repeatability is satisfied. 

Note ; If the standard volumetric solutions used are not of exactly 0. 1 M a suitable 
correction factor must be used in calculating the result. 

Repeatability! 

The difference in the results of two tests carried out simultaneously or in 
rapid succession by the same analyst shall not exceed 1 percent of the mean value. 

NOTES 

During the analysis, all contact with copper or rubber must be avoided, especially 
in the distillation apparatus. Use cork or preferably ground glass joints. 

The enzymic activity of the mustard seed diminishes with age; thus, it may be 
necessary to modify the analytical method in the case of old seed. 

After a preliminary determination giving particularly low figures for allyl 
isothiocyanate, add to the distillation residue 5g of Sinapis alba (take care to check 
that sulphur-containing volatile substances are not present in it) and then proceed to 
a seccnd determination. 

The addition of the two results will give the real figure of allyl isothiocyanate 
that may be formed in the sample. However, the actual quality of the sample should be 
considered as very reduced and it is recommended that the two figures, found before and 
after the addition of Sinapis alba, should be given in the test report. 

The enzymic activity of the seeds increases during certain periods of the year 
(particularly in spring); thus different results may be obtained on the same batch of 
seed, depending on the season. 
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- ISO 1237-1974 

Raghavan, B. et al, Mikrochimica Acta No. 6 818-822 (1972) describe a colorimetric 
method and Shankaranarayana, M. L. et al, Flavour Industry (2) 75-77 (1972) use 
•chloramine-T. 

- A rapid method is described by Chikkaputtaiah, K. S. ; Shankaranarayana, 
M.L. & Natarajan, C.P. , Flavour Industry (10) 591-593 (1971). 

The method for determination of volatile organic sulfur compounds in dehydrated 
garlic (ISO/TC 34/SC 7 (Secretaria-148) 351 of February 1976)) is a convenient one. 
This is also applicable to mustard in addition to that suggested. 




Suitable entrainment distillation apparatus 
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HYDROXYBENZYL I SOT HI 0 CYANATE 
(COLORIHETHIC METHOD) IN SINAPIS ALBA 

PRINCI PLE 

Decomposition, by enzymatic hydrolysis, of the sinalbin (glucoside of Sinapis 
alba) into glucose, the hydrogen sulphate of si nap in and p-hydroxybenzyl isothiocyanate 
the last-mentioned giving p-hydroxybenzyl alcohol and thiocyanate: colorimetric 
determination of the thiocyanate so formed. 

APPARATUS 

1. Grinding mill. 

2. One-mark volumetric flasks, oapacity 50, 250 and 1,000ml. 

3. Pipettes, delivering 2ml and 5ml. 

4. Colorimeter or spectrophotometer reading at a wavelength of 450nm. 
REAGENTS 

All reagents should be of recognized analytical quality. The water used should 
be distilled water or water of at least equivalent purity. 

1. Calcium carbonate. 

2. Mercury (il) chloride solution, containing 5g per 100ml. 

3. Potassium hexacyanoferrate (II) solution containing 10. 6g of KjFetCN)^ per 100ml. 

4. Zinc aoetate solution, containing 21. 9g of (CH,C00) Zn and 3ml of glacial acetic 
acid (CH 3 C00H) per 100ml. 3 * 

5. Nitric acid, approximately M solution. 

6. Sodium hydroxide, approximately M solution. 

7. Ammonium iron (III) sulphate solution, containing 20g per 100ml of approximately 
0.5M sulphuric acid solution. 

8. Potassium thiocyanate or ammonium thiocyanate reference solution, 0. 1 M standard 
volumetrio solution i.e. containing 5»808g of CNS per litre. 

PROCEDURE 

Preparation of sample: 

Obtain a representative portion by quartering, and grind 20-25g. 
Test portion: 

Weigh to the nearest O.OOlg approximately 5g of the ground sample. 
Bydrolysisj 

Transfer the test portion to a 250ml beaker. 
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Add 100ml of water at 70 2°C and at least lOOmg of calcium carbonate. Cover 
the beaker with a watch glass. Leave to soak for 15 minutes at 70°C| cool, add 20ml 
of sodium hydroxide solution and let stand for 15 minutes. 

Clarification: 

Add a sufficient quantity of nitric acid solution to bring the contents of the 
beaker to a pH of about 6.0 to 6.5. Pour the contents of the beaker into a 250ml 
volumetric flask and add 2ml of the potassium hexa jyanoferrate (II) solution and then 
2ml of the Bine acetate solution shaking the flask during the addition of these reagents. 

Dilute to 250ml with water and add 2ml of water by pipette (to allow for the 
volume of the precipitate). Shake, and filter through a rapid filter away from bright 
light. The filtrate (P) should be clear and colourless. 

Determination! 

Add to a 50ml volumetric flask: 

- 5ml of the filtrate (F). 

5ml of the ammonium iron (ill) sulphate solution. 

Dilute to 50ral with water, shake, and measure the absorbanoe at a wavelength 
of 450nm by means of the colorimeter. 

Calibration curve: 

Transfer by pipette 5ml of the potassium thiocyanate or ammonium thiocyanate 
standard solution to a 1,000ml volumetric flask and dilute to the mark with water. 

Transfer to a series of five 50ml volumetric flasks 5, 10, 15, 20 and 25ml, 
respectively, of the diluted reference solution thus prepared, to obtain five solutions 
containing 145.2 - 29O.4 - 435.6 - 580.8 and 726 ug, respectively, of thiocyanate (CHS). 
Add to each 50ml flask 5ml of the ammonium iron (ill) sulphate solution. Dilute to 
50ml with water, shake, and measure the absorbance. 

Plot the calibration curve, giving the absorbance as a function of the number of 
micrograms of thiocyanate. 

Matching test: 

Carry out a blank test in the same conditions as the actual test, but adding 
2 drops of mercury (il) chloride solution to the 50ml volumetric flask to correot 
errors due to the reaction of phenols with the iron (ill) salts. 

Hote on the reference curve the difference in absorbance between the test 
solution containing the thiocyanate and phenols, and the blank test solution. 

Carry out two determinations on the same prepared sample. 

CALCULATION 

lg of thiocyanate (CHS) is equivalent to 2.84g of p-hydroxybenzyl isothiocyanate. 
The percentage, by mass, of p-hydroxybenzyl isothiocyanate in the sample, on the dry 
basis, is equal to: 
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2.84 -L x 250 y JLfifl x 100 

10 5 m 0 100 - H 

where m is the mass, in grams, of the test portion; 
o 

m l is the mass, in micrograms, of the thiocyanate read on the 
reference curve; 

H is the moisture content of the seed, determined by drying 
at 103°C. 

Take as the result the arithmetic mean of the two determinations, if the 

requirement concerning repeatability is satisfied. 

Repeatability! 

The difference between two determinations carried out simultaneously or in 
rapid succession by the same analyst should not exceed 2 percent of the mean value. 

HOTE 

The enzymic aotivity of the seeds increases during certain periods of the year 
(particularly in spring), thus, different results may be obtained on the same batch 
of seed, depending on the season. 

REFERENCE 

- ISO 1237-1974. 

- Tot an alternative method see Shakaranarayana, M. L. et al (1971). 
Agricultural and Biologioal Chemistry (6) 959-961. 
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p-HY D ROXYBEHZYL ISOTHIOCYANATE 
(ARCENTI METRIC METHOD) IH SIHAPIS 
ALBA 

INTRODUCTION 

If the p-hydroxybenzyl isothiocyanate is to be determined by argentimetry, it 
is neoessary eitheri 

- to carry out a preliminary check on the absence of CI ions in the seed (no re- 
action with silver nitrate on the ash of the mustard seed), 

Or:- to provide for correction by carrying out the determination of Cl~ ions on an 
aliquot part of the filtrate. 

PRINCIPLE 

Decomposition, by enzymic hydrolysis, of sinalhin (glucoside of Sinapis alba) 
into gluoose, the hydrogen sulphate of einapin and p— hydroxy lbenzyl isothiocyanate, 
the last-mentioned giving p-hydroxybenzyl alcohol and thiocyanate. Determination of 
the thiocyanate formed, by argentimetry' in nitric aoid medium) back titration of the 
excess of silver nitrate by potassium thiocyanate in the presence of ammonium iron 
(III) sulphate. 

APPARATUS 

In addition to the equipment necessary for the preparation of the sample, 
hydrolysis and clarification (see previous method) the following are needed* 

1, One-mark pipettes, oapacity 5ml and 100ml. 

2. Burette, graduated to 0.05ml. 
REAGEHTS 

In addition to the reagents necessary for hydrolysis and olarif ioation (see 
previous method), the following are needed: 

1. Nitric acid, ^ 2 0 ■ «/ ml - 

2. Silver nitrate, 0.1 M standard volumetric solution. 

3, Potassium thiocyanate, 0. 1 M standard volumetric solution. 

4, Ammonium iron (ill) sulphate solution, saturated when cold. 
PROCEDURE 

Treat the sample as for the previous method up to and including olarification 
and filtration. 

Titration: 

Add to a beaker, shaking after each addition: 

- 100ml, by pipette of the filtrate (P) obtained by the procedure given for the 
colorimetrio method, and approximately equivalent to 2g of mustard seed; 

- 1ml of the nitric acid} 
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- 5nl, by pipette, of silver nitrate solutionj 

- 2ml of ammonium iron (ill) sulphate solution. 

Shake the flask to coagulate the preoipitate, and titrate with the potassium 
thiocyanate solution until a persistant faint red colour is obtained. 

Carry out two determinations on the same prepared sample. 

CALCUUTIOK 

The percentage, by mass, of p-hydroxybenzyl isothiocyanate in the sample, 
on the dry basis, is equal to: 

250 x 100 x 100 
0.0165 (5 - V) x i$o — 100 - H 

where m is the mass, in grams, of the test portion: 

T is the volume, in millilitres, of potassium thiocyanate used; 

H is the moisture content of the seed, determined by drying at 103° & 

Take as the result the arithmetic mean of the two or more determinations 
if the requirement concerning repeatability is satisfied. 



If the standard volumetric solutions used are not exactly of the concentration 
specified, a suitable correction factor must be used in calculating the result. 

Repeatability: 

The difference between two determinations carried out simultaneously or in 
rapid succession by the same analyst should not exceed 0. lg of p-hydroxybenzyl 
isothiooyanate per lOOg of dry matter in the sample. 



REFERENCE 

- ISO 1237-1974. 
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Mace 

Mace is the fleshy arillus surrounding the seeds of Myrietica fragrans, Houtt. 
(N. 0. Myristicaceae). 

Maoe consists principally of parenchymatous tissue containing numerous oil cells, 
and traversed by f ibro-vascular bundles. 

The cells of the parenchyma (pa) are polygonal and isodiametric. They contain 
a remarkable substance, known as amylodextrin, embedded in a fatty mass. Amylo— dextrin 
ocours in grains of very irregular shape. Sometimes they are discoid or rounded but 
more often they are angular. Solution of iodo-potassium iodide colours them red. 

The oil-cells contain either yellow volatile oil or reddish-brown oleo-resin. 

The epidermis of both surfaces is covered with a thick cuticle. In surface view 
the epidermal cells (eps, epi) are strongly elongated axiallyj they are often fusiform, 
and have thick walls. Below the upper epidermis there is a collenchymatous hypo derma} 
this, however, is not continuous or uniform, but disappears in some places, whilst in 
others it is oomposed of two rows of cells. 

The diagnostic characters of powdered mace are (Fig. 13):- 

(a) The large, pointed, thick-walled cells of the epidermis. 

(b) The oil-cells, many of which may be broken. 

(o) The grains of amylo-dextrin in the parenchymatous oells. 



The fruit of Capsicum annuum L. (K. 0. Solanacae ). 
The pericarp is composed of the following tissueei- 

An epidermis of tabular cells, which are seen in surface view to be polygonal 
and to have thickened, pitted, yellow walls. 

Next to the epidermis is a hypoderma consisting of four or five rows of 
tangential ly elongated cells with collenchymatous and suberized walls; these oells 
contain red chromoplasts and droplets of oil. The hypoderma ie followed by 
parenchymatous tissue made up of thin-walled, polygonal cells, and traversed by 
numerous bicollateral bundles. 

Lastly, an inner epidermis composed of oells with thiokened and pitted walls, 
which in surface view are seen to be irregularly sinuous. These thick-walled cells 
are interrupted at intervals by bands of polygonal thin-walled cells, the whole 
forming an extremely characteristic tissue. 

The calyx possesses on its lower surface an epidermis bearing stomata, and 
composed of rectangular cells, which in surface view are polygonal and elongated. 
The epidermis of the upper surface is formed of irregular polygonal oells with pitted 
walls, and bears short unicellular conical hairs as well as bicellular and pluri- 
cellular stalked gland of varying size. 

The epidermis of the seed-coat is very characteristic. In surface view the 



Copyrighted material 



- 396 - 



cells of which it is composed are seen to be very large and provided with very thick 
sinuous walls, but in transverse section the outer wall is thin, whilst the radial and 
inner walls are thickened; immediately below the epidermis is a layer of parenchymatous 
tissue made up of polygonal cells with thin, pitted walls, next to which there is a thicker 
layer of polygonal, isodiametric cells. The cells of the endosperm are polygonal and 
contain small aleurone grains. 

The placenta is covered with an epidermis of polygonal cells with pitted walls. 
Below the outiole of these cells oily drops are secreted in which the active constituent, 
capsaicin, is contained; the latter may sometimes be observed in lamellar crystals. 
Next to the epidermis is a parenchymatous tissue composed of smaller irregular cells and 
traversed by f ibro-vascular bundles. 

The diagnostic characters of powdered capsicums are (Fig. 14):- 

(a) The inner epidermis of the pericarp with thick-walled cells interrupted 
by hands of thin-walled; 

(b) The epidermis of the seed-coat with large, thick-walled, sinuous 
pitted cells; 

(c) The droplets of yellow or orange-coloured fixed oil; 

(d) The thickened cells of outer epidermis of the pericarp. 
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CAPSAICIN IN CAPSICUM 



PRINCIPLE 

The powdered spice is extracted with methanol and the capsaicin separated by an 
ether-alkali partition extraction prooedure. The capsaicin is determined by a 
spectrophotometry difference method. 

REAGENTS 

Reagents should be of analytical-reagent grade, unless otherwise indicated. 
Hater must be distilled or de-ionised. 

Carbon, purified. Shake lOg of activated carbon with 100ml of dehydrated methanol, 
filter through a sintered-glass funnel, and dry the residue at 105°C. 

Ether. Diethyl ether, anhydrous peroxide-free. 

Light petroleum. Boiling range 80° to 100°C. 

Methanol, anhydrous. 

Sodium chloride. 

Hydrochloric acid, 0.1 M. Reagent solution. Dilute 9ml of concentrated 
hydrochloric acid, about 16% m/m (ll M), to 1 litre with water. 

Hydrochloric acid, 0.05 M. Dilute 4.5ml of concentrated hydrochloric acid, about 
16% m/m (11 M) to 1 litre with water. 

Methanol, 60%. Dilute 3 volumes of methanol with 2 volumes of water. 

Sodium hydroxide solution, 0.1 M. Reagent solution. A 0.4% m/V solution in 
water. Prepare freshly as required. 

Phenol red indicator solution. Warm 20ng of phenol red with 1.1ml of 0.05 M 
sodium hydroxide and 2ml of alcohol ($0% iff) an 1 when solution is complete, dilute 
the Solution to 100ml with alcohol {20% V/V). 

PROCEDURE 

Transfer about 5g, accurately weighed, of the well mixed sample, ground to pass 
a 30-mesh sieve, to a continuous extraction apparatus, extract with dehydrated 
methanol for not less than 6 hours, or until the sample is exhausted, and dilute the 
extract to 100ml with dehydrated methanol. To 10ml of this solution add 15ml of 
dehydrated methanol, 15ml of water, 2g of sodium chloride and 5ml of 0.1 M sodium 
hydroxide, mix, and extract with three successive 10ml portions of light petroleum 
(boiling range 80° to 100° C). Wash the combined extracts with two successive 5ml 
portions of 60% methanol and discard the light petroleum extract; filter the combined 
aqueous solution and washings through cotton wool, washing the filter with 10ml of 
6056 methanol. Evaporate the combined filtrate and washings on a water-bath until the 
volume is reduced to about 5ml, dilute the solution to about 50ml with water, adjust 
the pH to 7.0 to 7.5 with 0,1 X hydrochloric acid, using either a pH meter or phenol 
red solution as indicator and extract with six successive 20-ml portions of ether, 
ensuring that the correct pH is maintained during the extraction. Wash the combined 
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extracts with 10ml of water, and discard the aqueous solution and washings. Add 20ml 
of dehydrated methanol and evaporate on a water-bath in a fume cupboard until the volume 
is reduced to about 1ml. Dilute the residue to 100ml with dehydrated methanol, add 
0.05c; of decolorising charcoal, shake ami filter through a fine grade filter— paper, 
discarding the first 20ml of filtrate. To 10ml of this solution add 5*nl, accurately 
measured, of 0. 1 M sodium hydroxide, cool and dilute to 25ml with dehydrated methanol. 
To a further 10ml add 5»1» accurately measured, of 0.05 M hydrochloric acid, cool, and 
dilute to 25ml with dehydrated methanol. Measure the extinction of a 10mm layer of the 
alkaline solution against the acid solution at the maxima at about 248 and 296nm. Using 
dehydrated methanol as solvent, dilute 5nl» accurately measured, of O'l H sodium 
hydroxide to 25ml and dilute 5ml, accurately measured, of 0^5 M hydrochloric acid to 
25ml| measure the extinction of a 10-mm layer of the alkaline solution against the acid 
solution at the maxima at about 248 and 296nm. Prom the extinctions at these maxima 
given by the solutions containing the sample deduct the corresponding extinctions giyen 
by the blank solutions. For purposes of calculation, use a value of 313 for the E fg m 
of capsaicin at 248nm under these conditions and of 127 for that at 296nm; calculate 
the proportion of capsaicin in the sample from the extinctions at each wavelength. If 
the two results so obtained differ by not more than 5$» the content of capsaicin is 
given by the mean of the two results. 

REFERENCE 

Hanson, E. L. (Ed.) Official, Standardized and Recommended Methods of Analysis, 1973. 
Hartman, J. Pd. Sci. 1970 543 
Nasada et al J. Pd. Sci. 1971 i£ 858 

describe GLC methods. The Scoville Index, defined as the greatest dilution, expressed 
as the denominator of the dilution fraction, at which a pungent sensation from chillies 
is perceived, under the conditions of the method described, may be determined according 
to ISO 3513:1977. 
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Saffron 

Saffron consists of the stigmata and upper parts of the styles of Crocus sativus 
Linn. (R.O. Irideae). 

It forme a loosely matted mass of dark, reddiBh-brown flattened threads, amongst 
which a few narrower yellow ones can be distinguished. The upper, enlarged part of the 
flattened threads is the stigma of the flower, the lower narrower portion is the style. 

The stigma is composed of polygonal or rounded, thin-walled, parenchymatous cells 
containing mucilage and an orange-red colouring matter composed of crocin and crocetin. 
This tissue 1b traversed by small fib ro -vascular bundles, whioh appear rounded in 
transverse section. It is covered by a slightly thickened, easily detached outicle, 
which on the upper surfaoe of the stigma bears small protuberances (pr. ). Sear the 
apex the stigma is furnished with large papillae. The yellowish lower part of the 
threads of saffron is provided with an epidermis consisting of slightly sinuous cells, 
and is traversed by a small fibro-vasoular bundle. 

The diagnostic characters of powdered saffron are (Fig. 15)*- 

The orange-red colouring matter in the cells} it is soluble in water, but 
insoluble in fixed oil. 

The upper epidermis of the stigmata with small papillose protuberances. 

The large pollen grains. 



ISO 3632-1975 classifies saffron aocording to 3 oategoriesx 

Characteristic Category I Category II Category III 

Floral waste, % Max. 5 10 15 

Extraneous matter, 

*Mai. 0.5 1 1 



Total, % Max. 5 10 15 



Definitional 

Floral wastet Yellow filaments, pollen, stamens, parts of ovary and other parts of 
the flower Crocus sativus Linnaeus. 

Extraneous matter: Leaves, stems, chaff and other vegetable matter. Except sand, 
earth and dust, no other mineral matter is allowed. 

The standard requires that: Saffron in filaments shall be free from living insects 
and moulds, and nearly free from dead insects, insect fragments and rodent 
contamination visible to the naked eye. 

Parvaneh (1972) discusses the adulteration of saffron by saf flower (Carthamus 
tinctorius). He states that paper chromatography of 5% aqueous extracts easily 
distinguishes the two odours. The twelve solvent systems given in Pearson (p. 56) 
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were used and nearly all gave adequate separation but Nos. 1*, 2 and 11 are 
recommended if safflower may be present, and No. 1 for comparison with standard 
saffron. Saffron colour shows an absorption maximum at 435-440nm, while that of 
safflower is close to 405nm. 



Characteristics 

Water and volatile matter at 103°C 
( 16 hours) % max. 

Total ash, $ (m/m) on the dry basis: 
max. t 
min. t 

Ash insoluble in HC1, % (m/m) on the 
dry basis: 
Category 1, max.: 
Categories II, III, max.: 



Saffron in Saffron in 
filaments powder form 



Extract soluble in cold water, % (m/m) 
on the dry basis: 
max. : 
min. : 

Total nitrogen, $ (m/m) on the dry basis: 
max. : 
min. : 



14 



8 
5 



1.0 

1.5 



65 
55 



3.0 
2.0 



8 



S 
5 



1.0 

1.5 



65 
55 



3.0 
2.0 



Colouring power: 

E lcm at 440nm: 
Category I, min. : 
Category II, min. : 
(See next page) 



110 

80 



150 
120 



» Solvent no. 1 1ml 0.88 ammonia solution + 99 m l HoO 
Solvent no. 2 2.5$ aqueouB sodium chloride 
Solvent no. 7 80g phenol + 20g water 

Solvent no. 11 5ml 0.88 ammonia + 95ml HgO. Dissolve 2g Trisodium 
citrate in this. 
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COLOURING POWER OP SAFFRON 

DEFINITION 

Colouring power of saffron! The absorptivity of 1cm depth of 1% aqueous extract 
of the product at 440nm. 

PRINCIPLE 

Dilution of a cold water soluble extract, so as to bring the oonoentration to 
about 4mg of saffron per 100ml of solution. Measurement of the absorbance at 440nm 
in a cell of 1cm optical path length. 

APPARATUS 

1. Pipette, lml. 

2. Volumetric flask, 500ml. 

3. Spectrophotometer (or any other apparatus capable of measuring absorbance 
at 440na). 

4. Quartz or glass cells for spectrophotometry, transparent to light at 440nm, 
with optical path length of 1cm. 



Teat portiont Use the dear supernatant liquid obtained before filtration during 
the determination of the cold water soluble extract*. From this solution, which 
oontains 2g of saffron per 100ml, pipette a volume of lml. 

Determination! Transfer the test portion into the 5°0ml volumetric flask and dilute 
to the mark with distilled water so as to obtain a solution containing about 4mg of 
saffron per 100ml of solution. 

Measure the absorbance of the final dilution at 440nm in a cell, using distilled 
water as reference. 

RESULTS 

Note the absorbance measured at 440nm and calculate the absorptivity E^, 
REFERENCE 

ISO 3632-1975 



* it is essential to take the dear supernatant liquid before filtration 
because filter paper strongly absorbs the saffron pigments. 
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TLC 

SAFFRON PIGMENTS 

PRINCIPLE 

After maoeration of the saffron with ethanol, thin layer chromatography of 
the ethanolic solution. 

APPARATUS 

1. Tank for chromatography, having its inner walls covered by filter paper in 
order to ensure a saturated atmosphere. 

2. Silica plates, without fluorescence indicator, activated by heating for 

1 h at 103 + 2°C and cooling in a desiccator containing an effective dehydrating agent. 

REAGENTS 

1. Ethanol, 80* (V/V). 

2. Elution solvent consisting of the organic phase of n-butanols acetic acidjwater 
(4«1:1). 

This reagent has a limited stability. 
PROCEDURE 

Weigh, to the nearest O.Olg, about 0.05g of the sample. Add to it 2ml of 
ethanol and leave about 2 hours, shaking occasionally. Spot 1 jlL ot the ethanolic 
solution thus obtained on a silica plate. Develop in the tank with the elution 
solvent until the elution solvent front has progressed at least 10cm from the 
starting line. 

After development, the pigments peculiar to saffron show themselves in the manner 
indicated in the table. 



Rf 

approximate 
values 


Intensity of 
the Bpots 


Colou 
in daylight 


ip of the spot 8 
in ultra-violet light 


0,10 
0,14 
0,20 
0,32 
0,43 
0,52 
0,76 
0,95 


++ 
++ 

++++ 

+++ 

+ 

++ 
++ 


Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 


Pink 

Pink 

Brown 

Brown 

Brown 



+ Very faint spot 

++ Faint spot 

+++ Clear spot 

++++ Signifioant spot 

Note the presence of other Bpots, if any, which do not correspond to the saffron pigments. 



Copyrighted material 



- 403 - 



REFERENCES 
- ISO 3632-1975 

Parvaneh V. JAPA 10 1972 p. 31 (Saffron and saf flower). 

- Saffron adulterants! Dhar. D.N.Y. Suri, Journal of the Institution of Chemists 
(India) £6 (4) P. 130-132 U974)s FSTA 8 3T85. 



ASAPOETIDA 

This should he analysed to check conformity with any compositional standards. 
The following books are of assistance in this respectj- 

1. Extra Pharmaoopoeia, Martindate, 1955* The Pharmaceutical Press, London, p. 54-55. 

2. The Indian Pharmaceutical Codex, Vol. I, 1953, Council of Scientific A Industrial 
Research, Hew Delhi. 

3. U.S. P. 1936. The detection of colophony resin, which is toxic and sometimes 
used as an adulterant of asafoetida can be done by a TLC method (Banerjee et 
al, J. Inst. Chem. (India), 48, 276, 1976). 
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Selected References 

-"Spices A Condiments", Chapter 14 of Hart A Fisher "Modern Pood Analysis?. 

- Spices, their Morphology, Histology A Chemistry, J.W. Parry 1962, Pood Trade Press, London 

- Microscopy of Vegetable Poods, 2nd ed. 1916, Winton, oop 

- Structure and Composition of Poods, vol. IV, Winton, 1939, oop 

- Pood, April 1956 - March 1957 inclusive, Pood Microscopy, parts 4-15 

- Poods A Drugs, Greenish, oop 

- Powdered Vegetable Drug6, Jackson A Snowdon, 1974, Churchill 

- Official Analytical Methods, American Spice Trade Association (1968) 
580 Sylvan Avenue, P.O. Box 1267, Englewood Cliffs, H.J. 07632 

- see also bibliography at the end of the chapter on spices in the AOAC which rofers 
to many of the papers in earlier volumes of the Association journal. 

- Spices and Condiments, J.S. Pruthi, National Book Trust, New Delhi (1976) 
A5 Oreen Park, New Delhi, 110016 

- Official Analytical Methods of the American Spice Trade Association" i960 

- American Spice Trade Association, Inc. 82 Wall Street, New York 5, N.Y. , USA 

Some of the more recent papers on the examination and composition of spices 
include the following: 

- GLC of chlorinated hydrocarbon contaminants in oleoresins, Roberts, L.A., 
Journal of the Association of Official Analytical Chemists (4) 825-28 (I968) 

- Microscopy of tamarind, Strauss, D. , Deutsche Lebencmittel- Rundschau (4) 
p. 121-21 (1969) 

- OLC and TLC of oregano, Stahl, K. H. 5 Skarzynski, J.N. A Voelker, W.A. , 
Journal of the Association of Official Analytical Chemists (6) p. H84-89 (I969) 

- Typical analytical values for ginger, cinnamon, garlic and onion Gerhardt, U. , 
Pleischwirtschaft (10) p. 1356-58 (1969) 

- Typical analytical values for nutmeg and mustard, Gerhardt, U. , Pleischwirtschaft 
(9) p. 1191-93 (1969) 

- Typical analyses for herbs, Gerhardt, U. , Fleischwirtschaf t (2) p. 192-94 and 197 (1970) 

- Colorimetrio determination of pungent constituents of pepper, Shankaranarayana, M. L. ; 
Nagalakshmi, S. A Natarajan, C. P. , Flavour Industry (3) 173-75 (1970) 

- Cultivation, histology, constituents and adulterants of caraway, Anon, Flavour 
Industry (8) p. 524-26 (1970a) 
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Cultivation, histology, constituents and uses of white and black mustard, Anon, 
Flavour Industry (9) 596-98 ( 1970b) 

Cultivation, histology, constituents and uses of peppermint, Anon, Flavour 
Industry (7) 452-53 (1970o) 

Cultivation, histology, constituents and uses of anise and star anise, Anon, 
Flavour Industry (7) 446-48 (l970d) 

Cardaraon, chemistry, technology and uses, Shankaracharya, N.B. ft Natarajan, CP., 
Indian Food Packer (5) p. 28-36 (1971) 

Identification of major oomponents of essential oil of mace, Forrest, J.E. , 
Hearcock, R.A. ft Forrest, T. P. , Journal of Chromatography 69 (l) 115-121 (1972) 

Fenugreek, composition and use, Shankaracharya, N.B. ft Natarajan, CP., 
Indian Spices (l) 2-12 (1972) 

Cummin, composition and use, Shankaracharya, N.B. ft Natarajan, CP., Indian 
Food Packer (6) 22-28 (1971) 

Mustard, varieties, ohemistry and analysis, Shankaranarayana, M.L. , Raghavan, 
B. ft Natarajan, C.P. , Lebensmittel-Wissenschaft + Technologie (6) 191-197 (1972) 

Adulteration of basil essence with ylang-ylang, Peyron, I. et al, Annales des 
Falsifications et de 1 'Expertise Chimique (701) 247-254 (1972) 

Production, composition and use of Indian spices, Anon, Indian Spices (3/4) 
1-13 (I972) 

Adulteration of pepper with papaya seeds, Hartman, C.P. Divakar, N.G. ft Rao, 
U.N.N. , Journal of Food Science and Technology, India 10 43 (1973) 

Pruthi ft Kulkarni(lnd. Food Packer 23_ (1969) 51 

Rapid detection of turmerio in foods, Karasz, A.B. : Cocco, F. de ft Bokus, L. , 
Journal of the Association of Offioial Analytical Chemists (3) 626-628 

Adulteration in ginger galenicals, Osisiogu, I.U.W. , Journal of Chromatography (1) 
200-203 (1973) 

Coriander, composition and analysis, Sen et al, Journal of Food Science and 
Technology, India 10 126-127 (1973) 

Detection of Curcuma zedoaria and C. aromatica in C longa, Sen, A. R. } 
Gupta, P.S. ft Dastidar, N.Q., Analyst 99 (1176) 153-155 (1974) 

Composition of aniseed, Sud'eva, N.G. et al, Izvestiya Vysshikh Uchebnykh 
Zavedenii, Pischchevaya Tekhnologiya No. 2 131-132 (1973) 

Analysis and composition of celery seed, Sen. A. R. et al, Journal of Food Soience 
and Technology, India 10 187-188 (1973) 

Adulteration of asafoetida with colophony and adulteration of black pepper, 
Bhalla, K. ft Punekar, B.D. , Indian Journal of Nutrition and Dietetics (7) 
216-222 (1975) 

TLC and OLC of spice oils, Humphrey, A.M., Tropical Products Institute Conference 
Papers pp. 123-126 (1973) 
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Volatile oil determination, Sage, C.E. & Pleck, H. R. Analyst 1934 32 614 

Studies on the composition of ourry powder, Mitra, S.N. ; Gupta, P. S. ; Sen. A. R. 

Journal of the Institution of Chemists, India 43 (2) 81-82 (I97l)(4 ref.En) 
Central Pood Lab. 

Sen, A. R. Sardar, P. K. <t Sengupta, P. JAOAC 1977 (l) 60 235 describe a simple 
TLC method for distinguishing caraway seeds from those of blaok caraway 
( Carum bulbocastanum Koch). Kulkarni St Pruthi Ind. Pood Packer 21 (1967) 

Sen, A.R. et al (1977) JAOAC 60 (2) 307-308 describe a TLC method to distinguish 
true cardamom from greater cardamom. 

Herbs and spices, a bibliography, IX, Tarragon, thyme, turmeric, Heath, H. 
Flavour Industry 5 (5/6) 123-124 (1974) (35 ref. ) 

Ajowan A Celery, Sengupta et al ( JAOAC £6 (1973) 1510) 

Cumin, Caraway A Coriander, Sen et al (JAOAC jjj, (1974) 763) 

Fennel k Aniseed, Ballarin k Ballarin (Pharmazie 2J_ (1972) 544) 

Caraway & Carum bulbocastanum, Sen et al (JAOAC 60 (1977) 235) 
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Pig. 5 Funnel t& 

Pig. 6 Cinnamon 
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Fig:. 11 
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